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Introduction
Chemistry of cyanamid and related compounds
The first aonearance in the periodical literature of an
extensive study of the chemistry of cyanamid and its deriva-
tives as well as their toxic effects is the work of Stritt
(1909). Kalkstickstoff and Stickstoffkalk are the two com-
mercial oreparations of calcium cyanamid made in Germany.
The essential difference between these two compounds is the
presence of 6.5 per cent chlorine as imourity in the latter,
with none in the former. They are crey-black substances,
granular or oowdered and only moderately soluble in water.
N=C-N=Ca represents the structural formula of both of these.
There are several other comoounds; namely, a monobasic
calcium salt of cyanamid, with the formula, (ONNF^Ca: a di-
basic calcium salt, CNN(CaOH)2 plus 5HgO; a calcium carbonate
compound of cyanamid, (CgNg^Ca ; dicyandiamid a nolymer of
cyanamid, C2N4H4; and finally dicyandiamidin, CpN^gO.
The monobasic cslcium salts are unstable and will not
be considered in this discussion. The calcium carbonate com-
pound of cyanamid will not be described, inasmuch as it is of
infrequent occurrence.
Cyanamid may be considered as a nitrile of carbamic
. H
acid, with the formula, N=C_ N\ , or as a c8rbodiimid,
H
NH=C=NH. Prom its relation to urea and its ready oolymer-
ization, which will be discussed later, one might be
4
2tempted to favor the second of these formulae.
NH=C + C=NH^ NH=C C=NH
NH * " NH'
cyanamid dicyandiamid
This equation works satisfactorily with cyanamid expressed
as the carbodiimid. However the evidence is insufficient
to establish definitely the correct formula.
Preparation of calcium cyanamid and cyanamid
Calcium cyanamid is prepared by heating calcium car-
bide and nitrogen in the electric furnace.
Cyanamid can be synthesized either from calcium
chloride and potassium cyanate . (Stritt 1909) or from
cyanogen chloride end ammonia. It can also be prepared by
the reaction between mercuric or lead oxide and thio-urea
,
or from technical calcium cyanamid after removal of the
calcium as an insoluble salt , ( Beilstein 1921).
The preparation from calcium cyanamid involves the
precipitation of the calcium as calcium oxalate by the addi
tion of oxalic 8cid, as calcium sulphate by the addition of
aluminum sulphate, or sulphuric acid (Baum 1910), or by its
reaction with carbon dioxide to form calcium carbonate
(Osterberg and Kendall 1917). After filtration the proced-
ure in all methods is to concentrate the solution of
cyanamid to dryness. It is necessary to keep the tempera-
ture below 44* C in order to prevent the polymerization of

3cyanamid to dicyandiamid. For that reason It is best con-
centrated in vacuo. The concentrate is then dissolved in
ether in which cyanamid is soluble end dicyandiamid is
insoluble. The cyanamid is finally recrystal lized from
ether.
Properties of cyanamid and related substances
Pure cyanamid is a white, hysroscooic
,
crystalline
material easily soluble in water, alcohol, and ether. It is
volatile in steam, and slightly soluble in carbon disulf-
ide, chloroform, and benzol. It melts at 44*C according to
the International Critical Tables (1930), or at 40*C accord-
ing to Stritt and other workers, who orobnbly did not h*ve
pure cyanamid.
Aqueous solutions of cyanamid are neutral to litmus
(Hesse 1921). One gram is neutralized by 0.6 cc. of l/lO
N NaOH, with ohenolohthelein as indicator (Stritt 1909).#
Acid hydrolysis with sulphuric, ohosnhoric, hydro-
chloric or nitric acids converts cyanamid mainly into urea.
Excess dilute sulphuric acid transforms cyanamid into ure»,
dicyandiamid, end dicyandiemidin. Acetic acid changes it
into ammonium acetate and urea. Thio-acetic acid converts
it into thio-urea. Treatment with hydrogen sulnhide
results in the formation of thio-urea. Potassium hydroxide
converts it into urea, while ammonia, on the other hand,
transforms it into gmanidin.
Stable metallic cyanamids or salts of cyanamid are
*In the writer's experience, one erm. of cyanamid (99 r>er*
cent pure) was neutralized by 0.12 cc. of 1/10 N NaOH.
4
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easily formed by interaction of cyanamid with salts of
sodium, potassium, calcium, barium, magnesium, silver, mer-
cury, copper and lead (Heilbron 1954).
The silver salt of cyanamid is bright yellow, soluble
in dilute nitric acid, but insoluble in ammonia. The Conner
salt is brown-black, soluble in acids and ammonia ( Stritt
1909).
The polymerization of cyanamid to dicyandiamid , and
tricyantriamid (melamine) occurs readily when aaueous solu-
tions of cyanamid are allowed to evaporate or are heated
above room temperatures. At 150°C it forms mostly dicyan-
diamid and partly melamine and ammonia. Cyanamid also
reacts with guanidin or its salts forming bi guanidin.
Reduction with hydrogen results in the formation of methyl
-
amine and ammonia
.
Dicyandiamid forms a white mass of rhombic crystals,
melting at 207*0, moderately soluble in water end alcohol,
soluble in hot water, and practically insoluble in ether
(Stritt 1909). Its formation from cyanamid has already
been described. On heatlng.it forms melamine and ammonia.
Hydrogen reduces it to guanidin and methylamin*,. It forms
salts with many metals (Heilbron 1954). Silver nitrate
precipitates the white silver salt of dicyandiamid from
aqueous solution. This silver salt is difficultly soluble
in cold water, slightly soluble in nitric acid, and easily
soluble in hot water. The formation of the silver salt of
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dicyandiamid has been made the basis of a Quantitative
determination of dicyandiamid in calcium cyanamid (*eil stein
1921 ).* Dicyandiamid can be detected also by boiline- a sol-
ution for several hours with dilute acetic acid and then
adding sodium hydroxide and Conner sulohate. This treatment
results in the formation of rosy-red Conner dicyandiamidin
(Beilstein 1921).
Dicyandiamidin is easily formed by the treatment of
cyanamid or calcium cyanamid with an excess of dilute sul-
phuric acid* It forms stable salts with mineral acids and
acetic acid. Its salts can be demonstrated by treatment
with copper sulnhate and sodium hydroxide to form the tynic«l
cooper dicyandiamidin (Beilstein 1921).
The quantitative determination of cyanamid
The quantitative determination of cyanamid is based on
its pronerty of forming a yellow precipitate with silver
nitrate. This salt is insoluble in ammonium hydroxide >>ut
soluble in nitric acid. The solution to be analysed is
treated with silver nitrate and filtered, ^he n-recioitate
is washed with weakly ammoniacal water, dissolved in dilute
nitric acid, and then titrated with ammonium thiocyanate as
in the determination of chlorides (^esse 1921. and Raida
1923). The determination of cyanamid in bodv fluids or
tissues is described on page 37.
#In this laboratory, calcium cyanamid did not yield a
white precipitate with silver nitrate.

The action of cyanamid In the animal organism
Gergens and Baumann (1876) studied the physiological
action of guanidin, dicyandiamidin and cyanamid in the
animal body. Although each of these produced muscular
disturbances such as spasms, the action of cyanamid alone
will be described. Five mgm. of cyanamid injected in the
lymph sac of frogs produced muscular fibrillation. Ten mgm
resulted in clonic spasms and opisthotonus, while PO m^m.
caused spasms and death.
Oral administration of 0.5 gra. to a rabbit was
followed by clonic spasms of the muscles of the neck and
the extremities. Death occurred after IP hrs. Cyanamid
could not be detected in the urine.* Since the weights of
the animals were not given, the exact minimum lethal doses
could not be determined.
The first thorough study of the action of cyanamid in
rabbits, mice and pigeons was made by Coester (18P6). In
his introduction, he refers to the work of Lange who
injected 0.05 gm. of cyanamid subcutaneously in a rabbit
without any ill effect. In addition, a small dog which had
received a similar dose, suffered an attack of vomiting end
no other effects. A larger dog was given 0.1 gm. sub-
cutaneously. After one hour it vomited copiously. Irreg-
ularity of the heart beat was also observed.
Coester in his own work used a synthetic cyanamid
M-The writer was also unable to detect cvanamid in the
urine of rabbits injected with it.

made from thio-urea. A series of animals of each soecies
studied was injected subcutaneously with gradually
increasing doses of cyanamid and the responses of the
animals were then observed. The smallest dose that was
lethal for one animal in the group was accepted as the
minimum lethal dose.
Coester thus determined the minimum lethal dose in
the series of twelve rabbits to be 0.55 gm. per kilo o^
body weight. The rabbits receiving lethal doses exhibited
dilatation of the ear vessels, salivation, constriction o**
the pupils, fright, fall in body temperature, spasms,
clonic movements of the extremities, weakness, diarrhea,
and slowing of respiration, which became shallow and pro-
longed. Difficulty in walking or maintaining Dosture war
also frequently observed. Reflex excitability was consid-
erably heightened. Death occurred in over thirteen hours.
Autopsy revealed hyperemia of the organs. Coester noted
that the intensity of the paralysis increased with the si?e
of the dose.
Mice receiving lethal doses of cyanamid presented a
similar picture of increased irritability, paralysis, and
spasms. The m. 1. d. was 0.55 mgm. Per gm. of body weight.
Pigeons injected with cyanamid likewise underwent the
typical syndrome of muscular weakness, paralysis and dis-
turbances in respiration. In addition, vomiting was noted,
although Coester probably meant regurgitation. Coester
(
8determined the m. 1. d. for piereons to be 0,3? erm. oer 1000
gras. of body weight.
Transient paralysis was produced in rabbits, mice,
and pigeons with one-third of the minimum lethal dose.
Coester concluded that cyanamid was primarily a toxic
substance causing paralysis, and that the spssms observed
were secondary phenomena.
As mentioned on page 1, Stritt studied the action of
cyanamid and many of its derivatives. The following dis-
cussion is confined primarily to cyanamid. Dicyandiairld
,
Kalkstickstoff and Stickstoffkalk are described on page 14.
Stritt used cyanamid that was synthesized from potas-
sium cyanate and calcium chloride or prepared from calcium
cyanamid ( Kalkstickstoff )
.
The cyanamid made from Kalkstickstoff was used either
crude (unrecrystallized ) or recrystallized from ether, ^he
recrystallized cyanamid was used freshly prepared (less than
a week old) for the experiments on frogs and rabbits. A
few experiments were done on frogs with solutions that were
seven days, and nine months old, respectively. One would
not expect the seven-day or nine-months solutions to be as
toxic as the freshly prepared one, since on long standing
cyanamid slowly polymerizes into the less active dicyandi-
amid. In fact, for this reason only freshly prepared
solutions were used in the majority of the experiments on
rabbits. However, Stritt 's experiments were too few in

number to establish any amoreciable differences in toxicity
of the freshly prepared, and older solutions as well as the
crude and recrystallized preparations.
The following discussion will be limited mainly to the
results obtained with the crude and recrystallized products
used freshly prepared. The manner of determining the mini-
mum lethal dose was identical with that of Coester.
By the injection of graduated doses in frogs, Stritt
found that 10 mgm. per 50 gm. of body weight of the freshly
prepared crude cyanamid caused spasms and death in one frog
after 96 hours, while 20 mgm. of the synthetic product was
lethal after 144 hours. Stritt' s work does or does not con-
firm that of Gergens and Baumann, according to whether one
considers the results obtained with the synthetic compound
or crude cyanamid. More observations would have clarified
this point.
In the following experiments with recrystallized cyan-
amid the concentration of the solution varied from one to 50
per cent. Subcutaneous administration of varying amounts of
the recrystallized compound to a series of four rabbits
caused death after eight hours in one receiving as little as
0.1 gm. per kilo of body weight.
In another series of five rabbits receiving the crude
product, Stritt found that the subcutaneous injection of
0.24 gm. per kilo of body weight was sufficient to cause
death in one of the rabbits.
In general, symptoms of poisoning in these experiments
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closely resembled those described by Coester (1896) and
Hesse (1921) , with the additional observation of tracheitis
which was in agreement with Koelsch (1916,2).
The following experiment of Stritt is cited to show
the rapid progression of symptoms after intravenous injec-
tion. Observations of blood pressure, pulse rate, respiratory
volume and rate were recorded on a rabbit receiving 0.64 gm
per kilo of recrystalli zed cyanamid. The respiratory rate
became slow and irregular and the volume of respiration fell
steadily. The carotid blood pressure and the pulse rate
declined gradually. Respiration ceased and reflexes were
abolished before cardiac arrest occurred. The rectal temper
ature fell 5.0 degrees. No cyanamid was demonstrable in the
urine which was free from sugar and protein. Death occurred
in one hour.
Intravenous administration of 0.39 gm. per kilo of the
recrystallized product caused death in one rabbit in 48
hours. Yet Stritt found that 0.1 gm. per kilo of the same
preparation when injected subcutaneously was sufficient to
kill one rabbit in eight hours. This discrepancy was prob-
ably due to the limited number of observations.
The oral dosage for the recrystallized preparation was
much larger than the subcutaneous, e.g. 0.75 gm. per kilo
of body weight proved to be the lethal dose for one out of
five rabbits.
Stutzer and Soil (1910) fed cyanamid (pill form) to
i
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several guinea pigs in an effort to determine its toxicity.
They found 0.1 to 0.2 gm. per kilo had no effect, whereas
0.4 gm. per kilo was followed by slowing of the heart,
spasms a.nd death in 30 hours.
The next investigation in chronological order is that
of Koelsch (1914 "11916,2) . The cyanamid used was described
as grey -white, and of 91% purity.
Two-hundredths of a gm. per kilo administered by
stomach tube to rabbits had no effect, while one gm. per
kilo caused death in over 10 hours. The symptoms of poison-
ing were similar to those observed by Coester (1896),
Stritt (1909) and Hesse (1921) after subcutaneous injection
of cyanamid. In Koelsch's experiments the animals became
restless, their heart rates and respiration were accelerated}
and they exhibited increased peristalsis with defecation.
Reflexes were difficult to elicit, and as the effects of
the cyanamid increased, the respiration became shallow and
difficult, the pulse faster and weaker, shivering and con-
vulsive shaking of the body set in, and finally death
occurred.
Autopsy revealed hemorrhages and foamy secretion in the
trachea, hyperemia of the lungs, and watery secretion in the
large and small intestines which contained few formed feces.
This agrees substantially with the findings of Stritt (1909)
and Hesse (19?1) and amplifies the work of Coester (1896).
Koelsch was of the opinion that cyanamid primarily disturbed
I
respiration and secondarily affected the muscular system.
Hesse (1921) using a recrystallized preparation made by
Baum's method (1910), found in frogs that 50 mgm. of cyanamid
per 50 gm. of body weight brought about typical poisoning
symptoms in fifteen to thirty minutes. The minimum lethal
dose was determined to be 20 mgm. although the number of
animals studied was not given. In addition to observing
spasms, he made the interesting finding that cyanamid alter-
nately increased and decreased systolic filling of the heart
in situ and caused diastolic pauses that were longer and
shorter than normal. The heart finally stopped in systole.
Records of the isolated heart furnished similar results.
Bigeminy occurred frequently. Adrenalin injected intra-
peritoneally , abolished the diastolic pauses and prevented
the slowing of the heart. Inasmuch as the heart was beating
vigorously, the phenomena could not be due to paralysis of
the myocardium. Atropine had no effect, so the irregular-
ities in heart action were probably not of vagal origin.
Since caffeine did not prevent the influence of cyanamid,
Hesse concluded that the action of the drug was due to stimu^
lation of the "excitomotorische automatische Rerveneleraente"
,
In frogs injected with cyanamid the second Stannius ligature
was
"unwirksam"
,
although Hesse did not state exactly what
occurred when the second ligature was applied. He concluded,
however, that cyanamid was responsible for "Schadigung der
intraventricularen automatischen nervosen Apparate".

Subcutaneous injections of 0.3 to 0.4 gm. of cyanamid
per kilo in rabbits caused death in 12 hours. The number of
animals observed was not mentioned. The picture of ooisoning
was similar to that described by the other investigators,
although the occurrence of spasms was not recorded. Pulse
records were taken following intravenous injections in
rabbits of 0.4 gm. of cyanamid per kilo, given in divided
doses. Cardiac irregularities similar to those noted in
frogs were observed. In addition, plateeu formation occurred
which Hesse points out is analogous to the bigeminy noted in
the frogs. At autopsy the vessels of the trachea and the
small intestine were injected.
Although the injection of 0.96 gm. of cyanamid in three
portions over a period of several days in a rabbit weighing
1.9 kilos, resulted in diarrhea and 15 per cent loss of
weight, Hesse stated that chronic administration of cyanamid
had no effect and that the diarrhea was not caused by the
drug. At death, however, the small and large intestines were
hyperemic and the kidneys were enlarged. In a second exper-
iment a total dosage of 1.0 gm. injected over a period of 14
days in a rabbit weighing 2.2 kilos caused a 22 per cent loss
of weight.
The injections of 0.04 gm. of cyanamid per Viio into
dogs and cats brought about paresis of the extremities, a
fall in body temperature, coarse tremors, vomiting, and
diarrhea. The animals recovered Hesse 1921). This in-
creased toxicity for dogs in agreement with the work of

Stritt (1909).
A dose of 0.08 gm. per kilo in cats caused death in 14
hours (Hesse 1921).
Horn (1953) in two dogs determined the average minimum
lethal dose of cyanamid injected subcutaneously to be 0.10
gm. per kilo. The animals died a week after the injection.
The minimum lethal doses reoorted by the different
authors (Table I) vary mainly because of the insufficient
number of observations, and partly because of the nurity of
the cyanamid used. The purity of the cyanamid is an import-
ant factor in the determination of the exact minimum lethal
dose, but not of the relative minimum lethal doses as estab-
lished by most of the investigators.
The action of derivatives of cyanamid
Under this heading will be discussed dicyandiamid, Kalk
stickstoff , Stickstoffkalk, and various other derivatives of
cyanamid.
The injection of 100 mgm. of dicyandiamid per 50 crm. of
body weight caused death without convulsions in frogs. A
dose of 0.29 gm. of dicyandiamid per kilo subcutaneously
injected was the smallest lethal dose in a series o** four
rabbits. The symptoms were weakness and tracheitis. The
rabbit died after 29 hours ( Stritt 1909).
Hesse (1921) determined that dicyandiamid was one-third
as toxic as cyanamid.

Table 1
Minimum Lethal Doses Of Cyanamid in Mammals
Author
Coester
Stritt
Hesse
Stritt
He s s e
Stritt
Gergens
and
Baumann
Koelsch
Horn
Hesse
Stutzer
and
Sbll
Animal
rabbit
it
tt
ft
it
dog
cat
guinea pig
Cyanamid in
gm» per kilo
0.35
0.10
0.30 to 0.40
0.39
^.40
0.T5
0.50
total dose
1.00
0.10
0. 08
0.40
Route of
administration
subcutaneous
tt
intra venous
oral
subcutaneous
oral
Coester mouse 0.33 subcutaneous
(
Low (1908) observed no ill effects after the infection
of two mgm. of dicyandiamid per gm. into a mouse.
According to Stritt, injections of Stickstoffkalk or
Kalkstickstoff in rabbits were of approximately the same tox-
icity as dicyandiamid. lethal doses of StickstoffValv pro-
duced weakness and tracheitis; lethal doses of Kalkst icVstof
^
caused weakness, convulsions and tracheitis. The oral m.l.d'i
for Stickstoffkalk and Kalkstickstoff were found to be 1.1
and 1.4 gm. per kilo respectively. Stickstoffkalk in a dos-
age of 0.025 to 0.05 gm. per kilo, i.e., l/30 to l/l5 of the
m.l.d., administered orally to rabbits daily for several days
did not produce any signs of poisoning. The rabbits appeared
normal and gained weight. Oral administration in rabbits of
0.15 gm* of Kalkstickstoff per kilo (l/lO of the lethal dose)
for 20 days, or 0.30 gm. per kilo (l/5 of the lethal dose)
for 10 days were likewise ineffective (Stritt 1909).
The daily feeding of calcium cyanamid in doses of 0.5
to 1.0 gm. to rabbits for 32 or 23 days respectively did not
produce any noticeable changes (Koelsch 1916,2).
A dachshund weighing 8.8 kilo consumed less than 10 gm.
of Kalkstickstoff, and vomited. No other effects were exper-
ienced. He was then given one gm. by stomach tube, and
developed signs of weakness which disappeared after several
days. Three weeks later he received 0.23 gm. orally.
Vomiting did not occur, but the animal gradually became
weaker and died in

16 hrs. At autopsy, the intestines contained fluid feces
(Stritt 1909)
.
Hesse (1922) did several experiments on certain deriva-
tives of cyanamid. Injections of liquid dimethylcyanamid
in rabMts in doses of 0.1 gm. per kilo caused a fall in
body temperature followed "by death in twenty-four hours.
One-tenth of a gm. of liquid diethylcyanamid per kilo
produced toxic symptoms in rabbits while 0.2 gm. per kilo
was lethal. The animals exhibited slowing of the respiration,
paresis, fall in temperature, narcosis and injection of the
trachea. Diethylcyanamid like cyanamid proved to be more
toxic for dogs than rabbits, a dose of 0.07 gm. being lethal,
Solid phenylmethylcyanamid , in a dose of 0.4 gm. by
mouth, did not affect the temperature, pulse, and respira-
tion, but caused shivering and chattering of the teeth.
Death occurred in five hours.
In general, the administration of the various deriva-
tives of cyanamid produce the same toxic phenomena as
cyanamid itself. In some cases, however, the progress of th1
^
poisoning is much slower. This is probably due to the time
of conversion of these substances into cyanamid.
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Animal experiments on the administration of
cyanamid with other drugs
A. The administration of cyanamid with alcohol
If cyanamid and alcohol are taken internally, some of
the actions of each are intensified and prolonged. The clin-
ical picture i3 described in detail on pages 27 to 28. The
administration of 1.5 gm. of cyanamid per kilo by stomach tube,
followed 15 minutes later by one gm. of 96 per cent alcohol
per kilo to one rabbit produced air hunger, whereas this dose
of cyanamid alone did not have the same effect on another
rabbit. Both, however, soon showed signs of cyanamid ooison-
ing and died in two hours. The dose of 1.5 gm. of cyanamid
used is by no means a small one as Koelsch says, for one gm.
per kilo is the minimum lethal dose (Koelsch 1916,2).
In another experiment Koelsch first administered 0.? gm.
of cyanamid per kilo, and then a total dose of 3 gm. of 96
per cent alcohol orally. Hyperemia of the head and ears was
observed in the animal receiving both drugs but not in another
animal receiving the same dose of cyanamid alone. Administra-
tion of the cyanamid and alcohol subcutaneously did not pro-
duce these results.
Measurements of blood pressure from the peripheral and
central ends of the carotid artery in three animals receiving
approximately both 0.5 gm. of cyanamid per kilo and 0.4 to
0.8 gm. of alcohol per kilo indicated that the fall in blood
pressure is in the cephalic region.
TO
A rabbit weighing 1.4 kilo was eiven 5 firm, of 96 per
cent alcohol orally and injected intravenously with doses of
0.1 gm. of cyanamid until a total of 0.4 gm. was administered.
The typical signs of cyanamid poisoning anpeared by the time
0.3 gm. had been given, except that the fall in blood pres-
sure was greater than with cyanamid alone.
The body temperature of animals injected with 0.1 gm.
of cyanamid per kilo did not change appreciably. However,
if one gm. of alcohol per kilo was administered with 0.1 gm,,
of cyanamid per kilo the temperature fell as much as four
or even seven degrees. Hesse did not observe the constant
hyperemia of the cephalic region that Koelsch reported.
The fall in temperature following administration of
small doses of methyl alcohol in rabbits was also increased
by the administration of 0.2 gm. of cyanamid ner kilo.
The central nervous system of rabbits receiving one gm.
of 96 per cent ethyl or methyl alcohol per kilo, plus 0.2 gm.
of cyanamid per kilo, contained higher concentrations of
alcohol than animals receiving alcohol alone.
The animals were killed when the body temperature had
fallen to a sufficiently low figure. The values of alcohol
in one case rose from 0.12 per cent in a control to 0.21 per
cent in the experimental animal.
Apparently alcohol intensifies the fall in body temnera-
4
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ture produced by cyanamid while the latter favors the accum-
ulation of alcohol in the tissues. The great fall in blood
pressure observed after the administration of alcohol and
cyanamid is probably a combination of the effects of each.
The problem of how alcohol and cyanamid. synergize the
effect of each other is as yet unsolved. According to
Koelsch, alcohol sensitizes the organism to cyanamid.
Monaco and Prattali (1918) believe that alcohol increases
the solubility of the CN and NHg groups in the body. They
state, "Tute queste serie di esperienze che dovreblero esser
completate con altre alio scopo di vedere se i disturbi so-
ferti dagli operai siano d 1 indole vasomotoria, monstrano che
la tossicita della calcio-cianamide e dovuta al eruono CN
rinforzato dal gruppo NHg che soesso si mani-festa dotato di
intensa azione biologica in mottissime sostanzi derivate....
Si deve pure ammettere tanto mell'uno che nell'altro caso che
l'alcool o aumenta la solubilita di questa sostanza nell'
Organismo, oppure esalta, rendendola manifesta, 1 'azione di
essa specialmente reguardo all T influenza vasale".
B. The administration of cyanamid with other drugs
Cyanamid in small amounts seems either to have the
property of activating subthreshold doses of certain druets
or of intensifying the effects of small doses. On the other
hand, many drugs augment the temperature-lowering effect o r
cyanamid.
-t
-f
Hesse (1922) found that 5 to 7 mgm. of cyanamid in frogs
increased the convulsive effect of 0.005 mgm. of strychnine
or 0.1 nigra, of picrotoxln.
On the other hand, cyanamld, In frogs, did not activate
extremely small doses of yohimbin, cocaine, curare, nicotine,
quinine sulphate, caffeine sodio-salicyla te , end stroohsnthln.
Injections of 0.1 gm. of cyanamid ner kilo in rabbits
produced no significant changes in body temnerature. However,
when in addition, Ringer solution saturated with chloroform
was injected, a fall in body temnerature of l.R to 2.5
degrees occurred in 45 to 60 minutes (Hesse 1922).
Dittrich (1924) demonstrated that the injection of sub-
threshold doses of cinconhen (0.25 gm. ner kilo) and 0.1 gm.
of cyanamid ( subcutaneously ) or 0.15 gm. (orally), induced a
greater fall in body temnerature, than the same dose of
cincophen alone. The greater the time Interval between the
administration of cyanamid and cincophen, the greater was the
fell in body temnerature. A fell of 12 degrees was observed
in one case where cyanamid was given one hour before the
cincophen.
The administration in rabbits of 0.25 gm. of ureth^ne
per kilo together with 0.1 gm. of cyenamid ner kilo did not
anpreciably lower body temperature, whereas twice that dose
of urethane plus cyanamid did cause a dron in ^ody tempera-
ture (Hesse 1921).
Sodium veronal, in doses of 0.05 gm. ner kilo, and.
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sodium nitrite, respectively, resulted in a fall in tempera-
ture in rabbits when administered with 0.1 prm. of cyanamid
per kilo. Yohimbin, or chloral hydrate in small doses,
produced a drop in body temperature in rabbits when admin-
istered with 0.2 gm. of cyanamid per kilo (Hesse 1921).
Although cyanamid in concentration of 0.7 to 14 ner cen
had no effect on intestinal strips, it did render active sub
threshold doses of papaverine, codeine, morphine, and atropine
(Hesse 1921). It did not augment the action of ohysostiemine
and pilocarpine.
According to Janusche (1913) sodium bromide in doses of
0.7 to 1.0 gm. per 200-250 gm. guinea pigs, did not result
in narcosis, whereas this amount and even smaller amounts
when given with 0.1 gm. of cyanamid caused narcosis in Hesse
experiments.
Determination of bromine in the central nervous system
of guinea pigs were performed after the administration of
0.3 to 0.4 gm. of sodium bromide and 33 mgm. of cyanamid.
There was a rise in the concentration of bromine from 0.09
to 0. 13 per cent in one of these experiments (Hesse 1922).
An intensification of the diuretic action of 0.03 erm.
of theobromine sodio-salicylate was observed with 0.1 em. of
cyanamid (Hesse 1921).
Increases in theobromine excretion were observed in
animals given theobromine sodio-salicylate together with
0.2 gm. of cyanamid (Hesse 1921).
•I
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The administration of 0.1 gra. of cyanamid prevented gly-
cosuria that otherwise would have occurred following the ad-
ministration of glucose (Raida 1923)
.
After determining the threshold stimulus of the vagus in
a rabbit, Kesse (1921) injected 50 mgm. of cyanamid and found
that the nerve was still responsive to an electrical stimulus
In addition, however, he noted that atropine no longer para-
lysed the vagus. Apparently cyanamid inhibited the action of
atropine. Cyanamid, however, did not abolish the antagonism
of muscarine and atropine.
Cyanamid did not augment the inhibitory effect on respira-
tion in a rabbit caused by the administration of 0.4 to 0.8
mgm. of morphine per kilo.
The convulsive action of camphor 0.1 gm. per kilo was no -
rendered effective by simultaneous administration of 0.1 gm.
of cyanamid per kilo in ra/bbits (Hesse 1922) .
The effect of phlorhizin in one per cent sodium carbonate
^as not increased by O.r* gm. of cyanamid per kilo (Hesse 1921).
Amidopyrine when given with 0.2 gm. of cyanamid per kilo
did not exert any greater antipyretic action in fever induced
by bacterium coli than when administered alone.
Subcutaneous injections of cyanamid with sodium formate
or sodium potassium tartrate yielded equivocal results when
determinations of the amounts of unoxidized materials in the
urine were made (Raida 1923)
.
The output of uric acid was not altered by the adminis-
I
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tration of o.p gm. 0 f cyanamid and 0.5 gin. of cincophen
(Dittrich 1924)
.
Injections of cyanamid did not influence the conjugation
of amylenehydrate to glycuronic acid as indie ated by the
absence of changes in rotation, negative reduction and fer-
mentation of the urine. It did, however, increase the forma-
tion of glycuronic acid from phenol and chloral hydrate.
Determinations of chloral hydrate and chloroform gave negative
results (Hesse 1922)
.
The action of cyanami d in the human body
Two types of reaction will be discussed. The first deal
with the local and general effects of calcium cyanamid. The
second is concerned with the internal administration of cal-
cium cyanamid and alcohol.
1 . Local and general effects of calcium cyanamid
( a) Local effect of calcium cyanamid
Eoelsch (1916) was one of the first to
describe the dermal and mucosal lesions
resulting from contact with calcium cyanamid.
The exposure occurs in the manufacture
and packing of calcium cyanamid or in spreading
it as fertilizer in the fields. The lesions
are ulcerative, inflammatory, exudative, and
slow healing. They occur on the skin, and
mucosal surfaces of the upper respiratory
trs.ct
((
Monaco and Frattali (1918) , Van Husen
(1919), Schoofs (1933), Van Itallie and
Bylsma (1928), Hope, Hanna, and Stallybrass
(1923) also have reported on similar skin
injuries following exposure to calcium
cyanamid. Laurent ier (1925) has described
an interesting case of generalized herpes
zoster due to contact with calcium cyanamid.
General effects of calcium cyanamid
Linneberg (1933) published a report on
a case of calcium cyanamid poisoning in
which the symptoms consisted of headache,
dysphea, almond-odor on breath, edema and
erythema of face, neck and hands. There
is no mention of the consumption of alcohol
in this case despite the resemblance to the
alcohol -cyanamid syndrome.
Ohnsorge (1928) reported on two cases
of exposure to calcium cyanajnid where the
symptoms were localized myelitis and poly-
neuritis in one case, and Landry's paralyis
in the other.
At the same time Mann (1928) describee,
a case of calcium cyanamid poisoning in
which slowly increasing paralysis of the
arms and legs began to develop two weeks

following: contact with calcium cyanamid
used as a fertilizer.
The writer with Henstell and Eimwich
(1934) reported on a case of peripheral
neuritis in an individual who had been
employed shovelling calcium cyanamid in an
enclosed bin for three months previous to
the onset of the illness. The patient had
also drunk alcoholic beverages in moderate
amounts for years, although his consumption
had been limited for several months ore-
ceding his admission to the hospital.
Since Jolliffe and Colbert (1956) have
pointed out that vitamin deficiency is the
etiological agent responsible for the peri-
pheral neuritis in alcohol addicts, the
influence of alcohol per se can be excluded
in this case. No other contributory factors
were noted.
Administration of cyanamid with other drugs
The administration of cyanamid with another
drug frequently results in enhancing the action of
the latter drug (page 20), (Hesse 1921, 1922; and
Dittrich 1924). In the case of alcohol and cyanamid,
however, it would seem that the two drugs
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synergize the action of one another (Koelsch 1914;
1916,2 and Hamilton 1925).
Koelsch (1914; 1916,2) was the first to describe
the syndrome developing after contact with calcium
cyanamid and alcohol. It occurred mostly in people
who drank alcohol after exposure to calcium cyanamid
occupat ionally or from inhalation of the powdered
material while using it as fertilizer.
The symptoms of exposure to cyanamid and alcohol
are mainly circulatory and respiratory in nature.
The dorsal and ventral surfaces of the upper regions
of the body are blue -red as in fever. The arms are
lighter in color, but still hyperemic. The eyes are
injected; the gums and earlobes are red; while the
oral mucosa is pale. Light shivering occurs at
times. Respiration is accelerated to 20 or 25 per mih
ute and is deeper than usual. The respiration are
thoracic and the inspirations frequently audible. Some
coughing occurs as a result of hyperemia of the upper
respiratory tract. The heart rate is increased to
100 or 130 per minute. The blood pressure ma,y be
normal or lowered. Spectroscopic examination reveals
formation of methemoglobin and cyanhematin (Koelsch
1916) . The sensorium and reflexes are unchanged.
Dizziness and vomiting may occur. The attack lasts
one or two hours depending upon the amount of alcohol

taken. Recovery occurs without any lasting effects.
There is no cumulative effect despite two to three years
occupational exposure.
Hesse (1921) narrates an interesting incident of an
individual who took 150 mgm. of cyanaraid by mouth with
no apparent effect, and later in the same day had a
glass of beer. A typical acute attack of headache,
malaise, retching, exanthema of the head and neck was
experienced without any permanent effects.
Hesse (1921) has reported on several clinical
experiments where cyanaraid and other drugs were taken.
Moreover, 0.1 gm. of theacylon and 100 mgm. of cyanamid
both orally taken did not result in increased diuresis.
Doses of 50, 100, and 150 mgm. of cyanamid alone taken
orally had no effect.
Theacylon, unlisted in "ITew and Non-Official
Remedies", is probably a German proprietary con-
taining one of the xanthine bases.
t
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Mechanism of action of cyanamid
1. Effect on enzymatic activity
Ditfcrich (1924) made a study of the influence of cyanamid
on fermentative reactions. He found it had no effect on the
action of trypsin, pensin, invertin, amyerdalin, serum linase
and peroxidase. However, the activity of catalase was inhib-
ited by cyanamid. This was measured by titriraetric and vol-
umetric methods.
In the first method he added cyanamid to a mixture of
blood, physiological saline and hydrogen peroxide, and at
intervals titrated portions of the solution with potassium
permanganate. Cyanamid in concentrations of 1:40,000 ore-
vented the breakdown of 60 per cent of the added peroxide at
the end of one-half hour. The infection, however, of 0.2 em.
of cyanamid per kilo into a rabbit had no effect on blood
catalase.
Sodium cyanide (1:8,000) was found to prevent the decom-
position of 70 per cent of the added peroxide at the end of
one-half hour, while ammonium thiocyanate (1:4,000-1:40,000)
inhibited the breakdown of 80 oer cent. Nevertheless,
Dittrich discounted the possibility of a chemical relation
between cyanide and cyanamid. The degree of inhibition of
catalase activity varied directly with the concentration of
cyanide or cyanamid used.
In Dittrich 1 s second method, an eudiometer tube was used
to measure the volume of oxyeen liberated from a mixture of
blood, saline and peroxide, which had been treated with cyanar
<
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mid. Almost quantitative transformation of the peroxide
occurred in the absence of cyanamid, "but in one case as much
as 72 per cent was unchanged in the presence of 144 mgm. of
cyanamid. Using Raida's method (1923) for the determination
of cyanamid he was able to recover about 26 per cent of it.
Since appreciable formation of urea did not occur, the
cyanamid was apparently not converted into urea. The nature
of the compound formed was not revealed.
Furthermore the ferrous sulphate catalysis of peroxide
was also inhibited by cyanamid without significant formation
of urea.
Cyanamid in a concentration of 1:230 did not inhibit
fermentation in the liver. It did, however, augment the
inhibitory effect of formalin or phenol on the oxidation of
glucose which had been added to liver. The oxidation of the
glucose was measured by the amount of carbon dioxide formed.
Dittrich was of the opinion that the changes he observed were
due to permeability phenomena in the liver cells,
2. Effect on oxidation—reduction
Dittrich next attempted to demonstrate an inhibition of
the oxidation of benzol to phenol by cyanamid. This was not
conclusively proved although a decreased formation of conjuga
ted sulphates was observed.
Definite evidence that cyanamid hinders the reduction
of m-dini trobenzol to nitrophenylhydroxylamine as afforded by
the following experiments. Colorimetric determinations of
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nitrophenylhydroxylamine in frog tissue with cyanamid added
in concentrations of 1:50 to 1:2,000 in frogs injected with
1.5 mgm. of cyanamid per gm. , gave lower values than in con-
trols without cyanamid. One leg of the animal served as con-
trol for the experiments where cyanamid was injected. These
differences were about 50 per cent and of absolute value
because standards of nitrophenylhydroxylamine were used.
Controls receiving injections of potassium chloride to cause
heart injury analogous to that which might be produced by
cyanajnid were negative.
Cyanamid in concentrations of 1:200 inhibited respiration
of frog liver and muscle in the Warburg apparatus.
Dittrich concluded from this study that cyanamid inhibits
oxidation and reduction in vitro and in vivo.
Glaubach (1926) attacked the problem of the point of
action of cyanamid by performing determinations of glutathione
in tissues of animals injected with cyanamid. Titration with
iodine affords a method for the quantitative estimation of glut-
athione since reduced glutathione combines with iodine and
cyanamid does not. After establishing normal values for
glutathione in minced frog muscle, Glaubach injected 50 mgm.
of cyanamid in 0.6 per cent saline and determined the gluta-
thione content of the muscle at varying intervals. No change
was observed at the start of the experiment but after four
hours the concentration of glutathione in one instance fell
from 0.144 per cent to 0.067 per cent. Controls were 0.118 at
(
32
!
at the beginning and 0.114 ner cent at the end of the e^-oen-
ment.
Studies of the behavior of cystin in animals noisoned
with cyanamid were next performed. Normally, cystin 5s trans-
formed into cystein. Hydrogen cyanide favors while cyanamid
opposes the transformation. Again, an iodine titration method
was employed; one cubic centimeter of N/lOO iodine belner eausl
to 1.2 mgm. of cystein. Tissues were placed in nhosnhate buf-
fer, with cyanamid and cystin. After they had stood for P or
even 22 hours, the tissues v/ere analyzed. In the nresence of
cyanamid the value of the iodine titration was considerably
lower than in tissues not treated with cyanamid. ^his could
be explained by the fact that cystin does not form cystein
when cyanamid is present.
Controls with cyanamid end phosnhate alone, or with cy-
anamid, phosphate, and cystin were negative. However, a contrc
of the untreated tissue allowed to stand several hours was not
carried out. Neither was any control run on the stability
the N/100 iodine for that period of time.
In addition to the iodine titration method, Glaubaeh mea-
sured the time in minutes for the decolonization o^a definite
amount of N/lOO iodine by frog tissue treated with cyanamid
and cystein. He found that it was longer than in tissue con-
taining cystin without cyanamid. This would possibly indicate
that since cystein was not being formed it would taire longer
for the decolorization to occur than other-
1
'
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wise. He did not rule out the action of glutathione in this
set of experiments.
Similar experiments were performed on the frogs after
the removal of one leg for the control. Glaubach says that
they were then poisoned in vivo with cyanamid, hut does not
explicitly state how this was accomplished. The control leg
muscle showed an increase in material titratable with iodine
on standing whereas the poisoned muscles exhibited a fall. If
cystin were added the values were also lower for the poisoned
muscle
.
The administration of cystin, cystein, oxidized gluta-
thione and sodium thiosulphate did not antagonize cyanamid
poisoning.* Glaubach gives no data how this was proved.
In a second paper, Glaubach (1926) reported on a study
of cyanamid on cystein and cystin in vitro. A solution of
cystein on standing at room temperature slowly loses its
property of reaction with sodium nitroprusside . If cyanamid
is added the nitroprusside reaction decreases much earlier.
Glaubach was apparently unaware of the fact that cyanamid
itself gives a positive nitroprusside reaction.
A solution of one per cent cystein did not react with
appreciably less IT/100 iodine after standing seven hours but
a solution of cystein and cyanamid underwent a great diminu-
tion in its ability to reduce iodine. It would appear that
cystein is converted into some other compound, possibly
cystin. I
*Hesse ( 1921) could not demonstrate a detoxification of
cyanamid by glycin and sarcosin in frogs, dogs and rabbi
r
If cyanaraid is added
>
the pH of the solution changes
from 5.5 at the beginning of the experiment to between 8.5
and 9.0. The significance of this observation lies in the
fact that the optimal pH for the conversion of cystein to
cystein to cystin is 7.5 to 8.0. However, no evidence of the
formation of cystin was furnished by the determination of the
optical rotation before and after the addition of cyanamid.
More sulphide can be detected in the cystein-cyanamid
solution than in the cystein solution as determined by treat
ment of the solution with lead acetate and potassium hydrox-
ide.
Kuhnau (1927) confirmed and amplified Glaubach' s work
considerably. The passage of hydrogen through freshly drawn
blood for an hour or more, split off sulphide from some sub-
stance in the blood, as demonstrated by darkening of paper
impregnated with lead acetate. This sulphur yielding sub-
stance was detectable in thp erythrocytes or protein-free
blood filtrates, and was apparently identical with gluta-
thione which is known to be present in blood. Both potassium
cyanide and the dinitrile of malonic acid, when added to the
blood or injected into cats or rabbits had the same effect,
i.e., appreciably increasing the amount of obtainable sulphur
On the other hand, cya,namid under similar circumstances con-
siderably reduced the amount of sulphur that was split off
from the compound in the blood.
Hydrogen was found to produce a rise in the labile
r
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sulphur arising from the reduction of cystin. Again, pot-
assium cyanide augmented, while cyanamid lessened the amount
of sulphur formed.
In all cases, the sulphur increase was accompanied "by
an increased ni troprusside reaction.
Quantitative determination of the "blood sulphur and
glutathione sulphur in several cases gave data essentially
the same as that obtained by the qualitative procedures.
The auction of cyanamid on the sulphide -containing com-
pound may be compared with that of cyanide by the use of the
following model suggested by Euhnau.
R2S2 + H2 ^ 2R.SH
Cyanide forces the reaction to the right while cyanamid
drives it to the left.
Moreover, this relation can also be expressed by the
transformation of cyanamid to methylenediamine
.
m=C + 4R.SH ITH2-CH2-NH2 + R2S2
cyanamid methylenediamine
Inasmuch as diamines hinder the conjugation of glj^curonic ac:.
it was thought that the possible conversion of cyanamid to a
diamine and the action of the diamine thus formed would
explain why cyanamid inhibits the conjugation of benzol with
glycuronic acid (page 30)
.
3 . Relation of cyanide and cyanamid
It has been suggested that cyanamid acts by virtue of
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its transformation to cyanide. The following evidence
indicates that this is not true.
1. Solutions of cyanamid after several weeks do not give
a test for cyanide (Hesse 1921) . *
2. Coester (1896) compared the effects of the injection
of cyanide with those of cyanamid. He attributed the effect
of cyanamid to a primary action of the latter rather than to
cyanide derived from it. Coester was probably justified in
this conclusion in view of the fact that cyanide produced
true convulsions while the spasms observed in cyanamid poison
ing were secondary to the respiratory disturbances. Moreover
the salivation and diarrhea were characteristically produced
hy cyanamid. Koelsch (1916,2) and Stritt (1909) agreed with
Coester that cyanamid per se was responsible for the effects
following its administration.
3. The difference in the action of cyanide and cyanamid
on the glutathione system has been pointed out on pages 34
and 35.
# This has been confirmed by the writer.
-
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Isolation of cyanamid from tissues
Raida (1923) injected or added cyanamid to tissues and
then determined the amount of cyanamid that could be recov-
ered. After ether extraction of the tissue to which had
been added 20 mgm. of cyanamid, a solution of ammoniacal
silver nitrate was added. The silver cyanamid was filtered
off and then washed with ammoniacal water until silver free.
It was then dissolved in dilute nitric acid and titrated
with l/lO TT ammonium thiocyanate.
9.45 cc of l/lO N thiocyanate isHrto the 20 mgm. of
cyanamid.
Citrated rabbit blood was treated withtomgm. of cyanamid
and then the cyanamid determined as described above. The
recovery was 96 per cent. Similar treatment of urine, liver>
brain-and kidney-brei yielded 94 per cent recovery.
After thus demonstrating that he could recover added
cyanamid with sufficient accuracy, Raida then injected 0.2
gm. of cyanamid per kilo intravenously into a rabbit and
produced typical poisoning in about fifteen minutes. At
this time carotid blood contained 0.45 mgm. of cyanamid per
cc. Three-quarters of an hour later the carotid blood value
of cyanamid was 0.24 mgm. per cc, and in four hours from this
time there was no cyanamid detectable in the blood. The an-
imal v/as killed and no cyanamid was found in the brain, liver,
kidney, muscle or urine.
In a similar experiment in which a rabbit was injected
4
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with 0.1 gm. of cyanaraid per kilo the blood contained 0.24
mgm. of cyanamid per cc. after two hours. In this animal the
administration of 1.0 gm. alcohol per kilo "by stomach tube
did not seem to affect the blood value of cyanamid, for as
in the previous experiment no cyanamid was detectable in 5 cc.
of blood four hours later.
The next animal received an emulsion of lecithin by
vein, one hour preceding the cyanamid injection of 0.2 gm.
per kilo. The typical symptoms of cyanamid poisoning
appeared within an hour, but in contrast with the previous
experiment the blood now contained 5.9 mgm. cyanamid per cc.
An hour later the blood level was 2.8 mgm. per cc. The an-
imal exhibited convulsions and died two and a ^quarter hours
after the injection. At death the brain apparently contained
4.2 mgm. of cyanamid per'*4gm. and the muscle 1.7 mgm. per 100
gm. although Raida gives the impossible values of 21 mgm.
per cent in 5 gm. of brain brei, etc. It would seem that
lecithin slows the destruction of cyanamid in the organism.
Transformation of cyanamid in the organism
Raida (1923) injected O.lgm. of cyanamid and 0.03 gm.
of theobromine-sodio-salicylate per kilo to determine whether
the former was eliminated in the ensuing diuresis but could
not find any cyanamid in urine collected one»two, four, and
six hours later. Moreover, dicyandiamid
,
guanidin, cyanide,
and thiocyanate were not detectable either.
The fate of cyanaraid added to various tissues was next
11
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studied. Blood and liver of various animals were treated
with cyanamid; chloroform or sodium fluoride added: and the
suspensions incubated for several days. The urea and ammonia
in the liver alone increased as a result of autolysis: there
was no change in the concentration of creatinin. , Guanidin
and dicyandiamid were not found. No data are given on these
experiments although they were controlled. Raida in. another
experiment incubated 20 cc. of liver brei and 80 mgm. of cysn-
amid for ten days. Analyses yielded the following.
35.2 mgm. of cyanamid
4.1 mgm* of ammonia, corresponding to 10.1 mgm. of cyanamid
8.3 mgm. of urea corresponding to 5.8 mgm. of cyanamid
No guanidin or dicyandiamid
Raida was thus able to account for 51.1 mgm. of cyanamid. ^ests
for cyanide, and thiocyanate were negative. The unrecovered
cyanamid was probably transformed into an unknown product,
although polymerization should not have occurred due to the
acidity of the medium.
Horn (1933) was unable to isolate guanidin from the urine
of rabbits which had been injected for ten days with a total
of 10 gm. of cyanamid. Moreover, he could not demonstrate a
relation between the changes in blood sugar and body tempera-^
ture in animals injected with guanidin or cyanamid.
Relation of cyanamid to creatin
The relation of cyanamid to creatin has been known sine
Volhard (1868) combined cyanamid and sarcosin in alcohol to
form creatin. Strecker (1870) and Rosengarten and Strecker
(1871) were able to obtain better yields by allowing
--
aoueous solutions of sarcosin and cyanamid to stand at ->"Oom
temperature for several days in the nresence of awmnnlfl.
The chemical relation of cyanamid to e-uanidin, creatin,
and creatinin is indicated by the following formulae.
NH
ii
C
NH
C--NH
NIT
,
CHgCOOH
N
V
CH5
c-nh'
NH2
N N
i CH
i
N$,
cyanamid guanidin creatin creatinin
Before discussing the relation of cyanamid to creatin
and creatinin in blood, the writer has found it necessary
to comment on the status of the presence of creatinin and
creatin in blood.
The nature of blood creatinin
Behre and Benedict in 192? adduced evidence which they in-
terpreted as indicating that significant amounts of creatin-
in were not present in the blood. Tn 1935 DeHre and Bene-
dict ,and in 1936 Benedict and Behre concluded that there
was no preformed creatinin in blood. On the other hand,
Danielson(1936 ) stated that most of the w chromocenic ™°
-
terial in n6rmal plasma is creatinine mhe data of
Langley and Evans (1936) would tend to favor the second
these opinions.
i-
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Gaeblerand Keltch (1928) concluded that "all the
chromogenic substance removed by Lloyd's reagent and re-
leased again was identified as creatinine, both in normal
and retention blood* Creatinine is present in large amounts
in blood during experimental and nephritic retention and is
also present in normal blood of cattle".
Geebler in 1930 abandoned the conclusion that creatinin
was present in blood. He now maintained that the "blood o^
normal dogs contains a substance, other than creatine,
yielding creatinine in isolation experiments. A similar
substance is present in human blood". When renal function
is impaired this substance accumul8t.es. That is, he now
believed that creatinin was present as a result of adsorp-
tion and release from Lloyd's reagent. Gaebler (19?T) has
recently concluded that "a part of the apparent creatinine
of normal serum ultrafiltra tes simulates creatinine in its
precipitation behavior, is not identical with it, but may
be related to it".
Prom this state of affairs it would seem that creatinir
is or is not present in blood according to one's interpreta-
tion of the experimental data.
There are several factors responsible for these diseret
ancles. It is possible to reconcile some of them by a brief
review of some of the data. Much of the evidence that has
been presented is indirect, and many of the conclusions thus
derived even more so. The situation is simplified from the
^•Lloyd's reagent is a hydrated aluminum sniRfltfi.
-
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start by excluding the results obtained with heat coagulation
filtrates, since they yield hisrh values (Benedict and «ehre
1922). Moreover, analyses on unlaked filtrates have also
been omitted because most of the work was done on laked
filtrates.
Behre and Benedict (1922) demonstrated the following.
1. Sodium carbonate did not oroduce any arv>reciable
color when used ss the source of alkali in the Jaffe reaction,
with amounts of creatinin similar to those present in blood
filtrates. However, considerable color develoned if it were
employed in the colorimetric determination of creatinin in
picric acid blood filtrates.
2. Hot alkali destroyed the chromogenic oronerty of
pure creatinin but not of tungstic or picric acid blood
filtrates of beef blood.
3. Kaolin quantitatively removed creatinin from nure
solution or added to nicric or tungstic acid filtrates, of
beef, dog or human blood, as determined by analyses of the
filtrates before and after kaolin treatment. However, it
did not adsorb the chromogenic substance of picric acid
filtrates, determined also by differences. Gaebler (1°30)
confirmed these results on picric acid filtrates.
Behre and Benedict (1922) concluded thet creatinin was
not present in blood in detectable quantities, simnly on the
basis of the dissimilarities of oure creatinin and the
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chroraogenic substance of blood filtrates, in the respects
mentioned.
Danielson (1936) repeated and amplified several of
these experiments and obtained the following results.
1. No difference was demonstrable between the color
development in pure creatinin and ultra-blood filtrates.
Unfortunately he did not work with nicric acid filtrates,
and employed larger amounts of creatinin than Pehre and
Benedict so that his experiments were not analogous with
theirs.
2. Hot alkali destroyed most of the chromogenic oron-
erty of pure creatinin, ultra filtrates or tungstic acid
filtrates. This is in agreement with the results on tungsti
or picric acid filtrates (Behre and Benedict 1922) However,
Danielson did not consider this as evidence that the chromo-
genic substance was not creatinin. In fact he cited oroo**
that other chromogenic substances were formed by treatment
of filtrates with sodium hydroxide. His evidence for this
was that kaolin removed from filtrates a chromogenic sub-
stance which behaved like creatin. Blood filtrates treated
with kaolin to remove this material 8nd then heated with
sodium hydroxide still gave similar colorimetric values,
although the colors were tinged with brown. Boiling with
alkali following the omission of kaolin treatment yielded
the same values as before. Since kaolin removed the "crea-
tinin", then other chroraogenic substances must have been

formed, m the reaction with sodium hydroxide. Lloyd's rea<?en
was as effective as kaolin. Unfortunately, Danielson did not
repeat these experiments on picric acid blood filtrates as
Behre and Benedict had done. It is conceivable he would have
obtained the same results es with the tunpstic acid filtrates
since he confirmed the observations of Behre and Benedict on
tungstic acid filtrates.
3. Kaolin quantitatively removed 6R to 94 per cent of
the "creatinin" of ultrafiltra ten or tunerstic acid filtrate*,
as determined by colorimetric analysis of the material
eluted from kaolin by the use of magnesium oxide. It will
be recalled that in 1922 Behre and Benedict were unable to
remove any of the chromogenic substance of blood filtrates,
according to the values obtained on filtrates after shaking
them with kaolin. At this time they probably did not
analyse the material adsorbed by kaolin, or they mipht have
obtained the same results as Danielson. Since then Benedict
has done so (page 45). Pure creatinin or the "creatin" that,
was recovered from the kaolin was inactivated by hot alkali
(Danielson 1936). After kaolin treatment anoroxime tely 40
per cent of the "creatinin" originally present (determined
colorimetrically in the usual way) remained behind in the
laked filtrates, but 10 per cent in. the ultrafiltrates.
Inasmuch as kaolin only removed, on the average, 87 oer cent
creatinin from solutions of tmre creatinin and but 73 or BO
per cent from the laked filtrate and ultr8 filtrate, resoect-

seemed.
Danielson thought it likely th.pt the picric 8dd used
by Behre and Benedict in preparing their filtrates fhindered
the adsorption of creatinine or during the process of protein
precipitation a new chromogenic material is formed which is
not adsorbed by kaolin". This might well have been the esse,
although Danielson neglected to repeat the same experiments
on picric acid blood filtrates. According to Gaebler (1957),
Benedict in 1930 eluted chromogenic substance from vaolin
after shaking Picric acid filtrates with it.
Danielson concluded that there was considerable creatinin
in blood Plasma, judging from the similarity of the chromo-
genic substance of blood filtrates and pure creatinin. The
points of similarity were the adsorntion on kaolin and the
destruction by hot alkali of the material eluted from the
kaolin.
Gaebler (1930) carried Danielson* s experiment with hot
alkali one important step further. He found that Lloyd's
reagent removed only traces of chromogenic substance from
tungstic and filtrates that had first been treated with hot
alkali.
The use of kaolin or Lloyd's reagent to adsorb chromo-
genic substances from blood filtrates and the subseauent
recovery of "crestinin" from Lloyd's by treatment with
alkali., has been reported by many investigators fOaebler
•
and Keltch 1928; Gaebler 1930; Hayman, Johnston, and «ender
1935; Langley end Evans 1936). Benedict and *ehre (1936)
were unable to obtain positive results in 8 single experiment.
The possible reasons for their findings will be discussed
later.
Gaebler and Keltch (1928) were able to isolate approxi-
mately 0.4 mgm. per cent of creatinin from normal ox blood
by the following procedure. Following precipitation of the
proteins by the aid of picric and ohosohotungstic acids,
the filtrates were treated with Lloyd's reagent. Elution
of the chromogenic material from Lloyd's reagent was
accomplished by the use of lead oxide. Unfortunately, the
writers made corrections for errors of isolation, and
reduced this figure to 0.09 mgm. per cent.
The blood of nephrectomized dogs or patients dying from
nephritis yielded from 2.9 to 14 mgm. per cent of creatinin
(analysis of the material eluted from kaolin). Samples of
the same blood estimated colorimetrically before Tfeaolin
treatment revealed from eight to 20 mgm. per cent, of creat-
inin.
Prom 4.4 to 30. 6 mgm. per cent of creatinin was isolated
as the double pic rate. Why were higher values obtained by
isolation than by kaolin adsorption, if kaolin Quantitatively
adsorbs creatinin? There are two possible explanations.
Firstly, something may have interfered with the colorimetric
determination before or after the treatment with kaolin, or

at both times. Substances that inhibit color development
have been demonstrated in blood end muscle by Polin and
Denis (1912). Secondly, there are chromogenic substances
in blood in addition to creatinin. Hayman, Johnston and
Bender (1935), among others, have supported the contention
that blood contained several chromogenic substances as well
as "creatinin".
G Gaebler (1930) abandoned the conclusion earlier reached
that the creatinin or creatinin derivative detected in nor-
mal blood is "accounted for by errors in detecting such
small quantities by difference in the presence o+ a large
amount of other chromogenic substances". He now expressed
the opinion that the tungstic acid filtrates of normal blood
contain 0.44 to 0.66 mgm. per cent of creatinin; in reten-
tion the values are increased. Picric acid filtrates gave
parallel but smaller values.
"Creatinin" was determined by adsorbing the filtrate on
Lloyd's reagent and then recovering the chromogenic substance
by elution with magnesium oxide. Lead oxide was also suit-
able for elution as shown previously. The material eluted
was estimated colorimetrically as creatinin. It could also
be quantitatively precipitated as creatinin potassium picrate
and converted to creatinin zinc chloride. The nitrogen
analysis on the final product agreed with the theoretical
value for creatinin. In agreement with Behre and Benedict
(1922), Gaebler (1930) found that kaolin treatment did not
<
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©Iter the chromogenic reaction of picric acid filtrates.
Moreover, he showed that kaolin adsorbed all the "creatinin"
from picric or tungstic acid filtrates, as indicated by the
insignificant values obtained with the use of Lloyd's
reagent after preliminary kaolin treatment.
Since Gaebler was unable to detect any difference in
the picric acid filtrates (1930), or in laked blood ultra -
filtrates (1937), as determined colorimetrically before and
after kaolin treatment, he concluded that creatinin was not
present. He neglected the possibility that there may be
something present in blood which is chromogenic and not
creatinin (although in 1930 he admitted the existence of
other chromogenic substances in blood), while at the same
time the chromogenic effect of the creatinin present is
obscured or inhibited. He pointed out the important fact
that after kaolin treatment he was able to elute chromoerenic
material from the kaolin but would not recover any more
chromogenic substance from the filtrate by the use o? Lloyd 1
reagent. This would indicate that creatinin had been nresen
and was removed, for there was no doubt that the final
product was creatinin, as he had shown in 1930. Further
possibility that there may be other chromogenic substances
present in blood filtrates, is supplied by the experiments
that added creatinin is easily recoverable by kaolin treat-
ment of laked ultrafiltrates, and yet the apparent creatinin
value of the filtrate remains the same (Gaebler 1937).
b
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After treatment with hot alkali, tungstic acid -filtrates
do not yield any appreciable amounts of creatinin according
to determinations on the material eluted from Lloyd's (Gabb-
ler 1930). Creatinin similarly is destroyed by boiliner with
alkali. This indicates the similarity of the two, but of
course not their identity. This chromosenic substance after
removal from Lloyd's can be isolated as creatinin zinc
chloride and indubitably, identified as creatinin. On oajre
409 of his 1937 paper, Gaebler says that "this substance
appears to become chromogenic in the process of adsorption
and elution". The possible reason for the reaction with
Lloyd's reagent is based on the fact that Lloyd's gives a
strong oxidase reaction. However, on page 410, he states
that "it has never been implied that the hupte amount of
chromogenic substance eluted from Lloyd's reaerent in such
cases" (referring to retention bloods) "originated in the
process of adsorption snd elution". The inference here is
that this applies to normal bloods, although from his opiniop.
expressed elsewhere, one is led to believe that tbe only
difference between normal bloods and the retention bloods is
the amount of the chromogenic substance present. So we h«ve
to assume that the retraction of this statement applies to
both types of bloods.
Even if the treatment with Lloyd's does change the
material into a chromogenic substance identical with pnd
indistinguishable from creatinin, it would still be possible
(
to establish the presence of creatinin in blood, if it could
be directly precipitated from it. This Gaebler seems to have
done. In 1937 he reported the successful precipitation of
approximately 60 per cent of the apparent creatinin as a
picrate from the cellophane ultrafil trates of the normal se
of various species, and in particular that of the ox. Pre-
cipitation was aided by the use of rubidium chloride and
frequently also by potassium chloride. Although he has
"considerable evidence that the chromogenicity of our pre-
cipitate is due to creatinin", Gaebler hesitates to conclude
that it is creatinin until he has been able to precipitate
it as the pure double Picrate end thus finally identify
this substance with creatinin.
Certain difficulties have been encountered, in the pre-
cipitation of creatinin from blood. Pure creatinin ad^ed to
collodion ultrafiltrates of dog blood was precipitated as the
picrate in four or five days, while the apparent creatinin
originally present did not precipitate at all in as many *>s
fifteen days (Gaebler 19.37). Behre and Benedict (192?) sim-
ilarly could not precipitate creatinin, as creatinin zinc
chloride, from a filtrate of dog; retention blood, worVing
with the chromogenic material they had adsorbed and then
eluted from Lloyd's reagent. On the other hand, the slownes
of precipitation, experienced by Gaebler, at least in the
case of the dog, may in part be due to the fact that only
small amounts of chromoerenic substance are present. The
r
51
i
addition of pure creatinin in some cases seemed to increase
the amount of chromogenic precipitate obtained. Moreover,
creatinin of retention sera precinitated as renidly rs added
creatinin, so age in the amount ore sent is apparently of
importance. The action of possible inhibitory substances
could also be a factor delaying the precipitation.
In Gaebler's work the assumption has been made that the
acidity due to the Picric acid added is not sufficient to
"convert a non-chromogenic creatine -like substance to a ore-
cipitable chromogenic one". It is difficult to rule out this
assumption if the precipitation can be accomplished only with
the aid of picric acid.
Benedict and Behre (1936) applied the color reaction of
creatinin with dinitrobenzoic acid to the quantitative deter-
mination of creatinin. # Excellent results were obtained with
pure creatinin or the creatinin of urine, but not with blood
filtrates. The difficulty experienced could possibly be
explained by the presence of inhibitory substances which may
or may not be chromogenic. The authors reported that rapid
fading occurred, and the matching of colors was unsatisfac-
tory. The application of this method to the material removed
from a tungsto-molybda te filtrate by Lloyd's reaerent yielded
negative results. Benedict and Behre therefore concluded, on
the basis of the dissimilarity of blood creatinin and pure
creatinin according to this new color reaction that there was
no preformed creatinin in blood.
#This color reaction has also been used for the determina-
tion of blood cre8tin on the material eluted from Lloyd's
(Andes ]9.*V7).
cc
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However, Langley and Evans (1936) successfully deter-
mined blood creatinin by the above method. They used higher
concentrations of alkali and dinitrobenzoic acid, ^he most
interesting part of their work, however, was their successful
use of Lloyd's reagent. The material adsorbed by and eluted
from Lloyd's reagent, after contact with tungstic acid fil-
trates, behaved just like creatinin in the color reaction
with dinitrobenzoic acid. The only noticeable difference in
their use of Lloyd's reagent as compared with Benedict's was
the use of magnesium oxide for elution, rather than carhonste
which was employed by Benedict and Behre (1936). One is thug
tempted to relate the failure of Benedict to demonstrate
"creatinin" in this exneriment to the method or chemical
used. This is in contrast also with the many other individ-
uals who have been able to adsorb "creatinin" from blood
filtrates by the use of Lloyd's reagent (page 46). Interest-
ingly enough, Behre and Benedict (192?) treated a filtrate
of retention blood (dog) with Lloyd's reagent and were able
to elute "creatinin" from the material adsorbed on Lloyd's.
Hence these exneriments of Behre and Benedict have little
bearing on the existence of creatinin in blood.
Behre and Benedict (1935) maintained that creatinin is
not present in blood, since "there remains even a single
method by which it is possible to differentiate sharnly
between them when both (i.e., the two similar compounds)
"are present in one solution". The single method he refers
to is the failure of kaolin to change the chromogenic

properties of picric acid filtrates. In view of nil the
evidence presented to indicate the similarity of behavior of
the chromogenic substance of blood filtrates and creatinin,
and the weakness of the sinerle point of differentiation, it
is felt by the writer that adeauate oroof of the absence of
preformed creatinin from the blood is l8cMnfr. Certainly,
much more data must be oresented to prove its absence from
blood, since the weight of the evidence indicates its pres-
ence. The isolation experiments of Gaebler (1930) and. the
precipitation data of Gaebler (1037) afford strong evidence
that part of the chromogenic substance in blood is true
creatinin. The only disputable point as the writer sees it
is the presence of creatinin in circulating blood.
The nature of blood creatin
The problem of the existence of creatin in the blood has
been satisfactorily settled according to Behre and Benedict
(1922). A specimen of blood obtained from a doer 46 hours
after the ligation of both ureters, contained IP mcrm. ner
cent of Preformed creatinin and 16.8 mgm. per rent of creatin
as determined on heat-coapula ted filtrates. Here Behre and
Benedict with the use of Lloyd 's referent removed the "pre-
formed creatinin" before acid hydrolysis of the filtrate.
After hydrolysis of the filtrate which had been treated with
Lloyd's reagent, a second treatment with Lloyd's extracted
from it a chromogenic substance, 80 per cent of which was
convertible to creatinin zinc chloride and was therefore crei
tinin.
t<
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They, therefore, concluded that creatin was normally
present in blood, and thet it was increased in nephritis.
Gaebler's criticism that the treatment with Lloyd's
reagent may have been responsible for the formation of
creatinin may be applied here to the ouestion of creatin.
According to his reasoning, creatin is not present in
blood either, since it is not demonstrable before the treat-
ment with LDyd's.
It is interesting- to read what ^ehre and Benedict (19P?
)
have to say about the presence of interfering substances in
the determination of creatin. ^he estimations were per-
formed on heat-coagulated filtrates. After hydrolysis of
the filtrate with hydrochloric acid and lead, treatment with
kaolin was carried out. The chromogenic mater1al(nresumably
creatinin ) was eluted from kaolin and determined colorimet-
rically. Referring to the blood of nephritics, they sold,
" our results have been so contradictory that we are led to
believe that some of these bloods contain lanpe ouantities
of one or more interfering substances in the creatine deter-
mination, while in others the creatine determination may
be fairly exact"
Gaebler and Keltch(1928) likewise reported difficulty
in obtaining harmonious results with the method of ^ehre and
Benedict. They determined blood creatin in a nephrectoral zed
dog and a nephritic patient. Then they isolated creatin fro
these filtrates by their method. By isolation they obtained
in
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higher values than by the other method.
Greenwald and McGuire (1918) expressed dissatisfaction
with the apparently high values of creatinin and creatin
obtained with picric acid filtrates (Polin method). Fence
they devised their own method. The proteins were removed
by orecipitation with trichloroacetic acid in most of their
analyses. The filtrate was then treated with kaolin to
remove all of the creatinin. Next the filtrate was hydro-
lysed with hydrochloric acid to convert creatin to creatinin
A portion of the neutralized filtrate was then estimated
colorimetrically for creatinin. This gave the vslue ^or
creatin. Total creatinin presumably was determined by color!
metric analysis after hydrolysis of a portion of the filtrate
without the preliminary use of kaolin. The authors do not
state how the total creatinin was actually determined, ^he
preformed creatinin was estimated by subtracting the creatin
from the total.
Preformed creatinin was much lower by this method, which
is what one might expect since in the Polin method the picric
acid used to precipitate the proteins may react with the
blood to form chromogenic substances. The creatin values
were also lowered but not as much. In retention creatinin
and creatin were increased , the latter being pronort-t orally
less (according to both methods).
The existence of creatin in Mood is more problematical
than that of creatinin, since its presence can only be satis
c
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factorily demonstrated after conversion to creatinin. There-
fore, one can not prove that the creatinin thus formed cnme
from creatin and not some other substance.
Normal and nathological variations of blood creatinin and creatiil
A discussion of the normal variations in the oreformed
and totsi creatin of the blood must of necessity nrecede any
discussion of the experimental changes occurring after the
administration of cyanamid. The following values have been
adopted from tables in Hunter (1928), pages 107 And 94. The
normal whole blood creatinin in men and women varies from
0.96 to 2.80 mgm. per cent, averaging in the whereabouts of
1.0 to 1.5 mgm. per cent. Cre8tin is somewhat higher, rang-
ing from 2.2 to 5.9 mgm. oer cent and averaging about 4 oer
cent. Any higher values that have been reported for blood
creatin are attributable to the use of oicric acid in the
hydrolysis of blood filtrates. Most of the higher values
d8te back to 1922 or before, so that one can avoid the dif-
ficulty by arbitrarily excluding the figures collected before
that time.
The acceptable values for rabbits taVen from oa ge 101
in Hunter (1928) are 1.0 to 1.7 mgm. ner cent for oreformed
creatinin. The lowest values for creatin range from 3.7 to
4.6 mgm. per cent but are nrobably high.
<-
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Variations In blood creatintn
Although one ordinarily considers blood creatinin es
constant, actually, it is subject to many variations. Blood
creatinin is raised following the ingestion of creatinin
(Cameron 1933), or its injection (Polin and Denis 1912); in
human nephritis (Behre and Benedict 1922; Selman and Linecrar
1933; Greenwald and McGuire 1918); in experimental nephritis
or ligation of ureters (Behre and Benedict 1922) and in
nephrectomy (Chanutin and Silvette 1929). It is not signif-
icantly changed in exercise (Ralre straw 1921) during ™enstrua-
tion (Wang and Dentler 1921) or pregnancy (Fellmuth 1923).
j
At times, blood creatinin may fall to lower levels than
normal. This has been reported as occurring to a slight
extent in animals receiving injections of insulin or ?dren»-
lin (Riero and Prey 1934). Moreover, according to Cardinale
8nd Arnone (1935), the blood of individuals afflicted with
muscular hypertonia contains extremely small concentrations
of creatinin. On the other hand, no changes in blood creat-
inin have been found in muscular dystrophies (de N. Hough
1931), myasthenia gravis (Boothby 1932, ), or myotonia
atrophica (Morgulis 1931).
Variations in blood creatln
The creatin in blood is probably subject to more fluct-
uation than creatinin. It is easily raised in response to
creatin injection (Polin and Denis 1912); proportionally
less elevated than creatinin in nephritis, (Gavrila 1932);
4
end raised in renal suppression (Behre end Benedict 1929;
Chanutin and Silvette 1929). It is strikingly raised follow-
ing injections of guanidin carbonate in dogs (Zappacosta
1935). A slight rise is demonstrable after exercise (Keel
1932) but not according to Rakestraw (1921). It ha s been
shown to fall slowly in fasting dogs and rise as the fast is
prolonged (Morgulis and Edwards 1924); and also rise in fast
ing rats (Chanutin and Silvette 192P). Subsequent refeeding
allows a return to the normal value in dogs (Morgulis and
Edwards 1924), but is responsible for a sham rise tbe first
day of realimentation in rats (Chanutin and Silvette 1929).
Blood creatin undergoes a fall after injections of insulin
or adrenalin (Rigo and Prey 1934). Looney 1924,1) observed
a fall in blood creatin in cases of dementia preecox with
muscular relaxation, and a rise in catatonic rigidity
(Looney 1924,2). In one case of myasthenia gravis, low value
for blood creatin have been reported (Boothby 1932, ).
Prom the above resume, one can conclude that blood
creatinin is only altered significantly in renal disease.
Except for the work of Cardinale and Arnone, the creatinin
in blood does not vary in muscular disturbances.
On the other hand, blood creatin undergoes considerable
changes in starvation, is raised after the injection of
certain drugs (guanidin), and lowered 8fter the injection
of others (insulin or adrenalin). Finally, blood creatin
exhibits striking variations in muscular diseases.

Variations in blood creatinin and urea after the injection of
cyanamid
Raida (1923) injected 0.2 gml of cyanamid per kilo sub-
cutaneously into a rabbit, withdrew 0.5 cc. of blood from
the ear at hourly intervals, and determined urea and creatinin
by Pol in 's methods on each specimen (small as it was).
The blood urea nitrogen rose from 21 to 59 mem. per cent
in three hours and fell to 42 mgm. per cent in five hours
(expressed by Raida, Table 2, as urea in mg.#).
Creatinin rose from 1.0 to 3.0 mgm. oer cent in four
hours and dropped to 2.4 mgm. per cent at the end of five
hours (expressed by Raida as 10, 30 and 24 mg.#, respective-
ly). Raida does not include any control figures. He merely
states that the daily variations in blood urea and creatinin
were found to be quite small. It should be noted that the
blood urea and creatinin did not return to their normal levels
at the conclusion of the experiment. No information is
given concerning the recovery of the animal, although it is
not likely that he did.

Table 2
Table from Raida Showing Changes in Blood Creatinin and Urea
After the Injection of Cyanaraid in a Rabbit.
Rrfbit 2.1 kg.
Time 0.5 cc. blood Blood urea Blood creatinin
taken from ear vein in mg.# in mg.#
7:00 21 10
8:00 21 11
9:00 27 19
10:00 0.2 gm. of cyan- 59 22
11:00 amid per kilo 59 30
12:00 subcutaneously 42 24
i
Variations in urinary creatinin and creatin after in.1ect1.ons of
cyanamid and dicyandiamid
Hesse (1921) injected several rabbits with cyanamid or
dicyandiamid and studied the nitrogen partition in the urine.
In the first experiment he injected a rabbit subcutan-
eously with 0.15 gm. of cyanamid per V-ilo and collected uMne
daily for three days following the injection. Control urine
was collected for three days preceding the exneriment. Total
nitrogen, urea, ammonia, creatinin and creatin were determined
.
The outDut of total nitrogen was 543 mgm. the day before the
injection and rose to 561 the day following it. ^his <3i f-
ference in nitrogen excretion is adequately accounted for by
the nitrogen of cyanamid. The average creatinin outnut ^or
the three days preceding the experiment was found to be 52,3
as compared with the excretion of 38.0 mgm. for the three
days following the injection. The creatin increased from
10.3 the day before the injection to 20.2 mgm. the following
day. The rise in creatin immediately following the injection
was more than offset by a fall in the excretion of creatinin
or even total creatinin. Moreover, the animal suffered a
10 per cent loss in weight, which is frequently a ccomnanied
by an increased creatinuria. See Table 3.
•1
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Table 3
Table from Hesse Showing Changes in Nitrogenous Constituents
of Urine After the Injection of Cyanamid in a Rabbit
Exp. 9; Rabbit 1900 gm.
(The values are given in ragm. unless otherwise noted.
)
Weight Urine vol. Total Urea Ammonia Preformed
Date in gm. in cc. Nitrogen Nitrogen Nitrogen Creatinin Creatin
13. VT. 2000 33 427 356 0.9 66.3 5.6
14. VI* 1960 17 298 282 0.3 41.5 10.
3
15. VI. 1960 25 343 312 0.8 49.0 10.3
Rabbit received 0.3 gm. cyanamid (200 mgm. ) subcutaneously.
16. VT. 1960 36 561 531 1.0 46.1 20.2
17. VI. 1840 24 290 258 0.6 33.6 7.2
18. VI. 1840 28 301 252 0.5 34.2 10.2
1I
In the next experiment urine was first collected 5i- and
18-|- hours before the injection, and at the same intervals
following the subcutaneous administration of 0.16 gm. of
cyanamid per kilo. Table 4 reveals no change in creatin and
creatinin excretion5-?- hours following the injection but a
rise in both in the 18-J hour period. The average creatinin
excretion for the 24 hours preceding the injection was 32,4
mgm. and increased to 43.5 mgm. in the 24 hour period follow
ing the injection. Moreover, there was also a rise in the
output of creatin from 6.0 to 15.1 mgm. for the same period.
The average excretion of creatinin or creatin for the two
days after the administration of cyanamid was also slightly
higher than their output in the same period preceding the
injection.
In a third experiment 0.17 gm. of dicyandiamid per Vilo
was injected. The preformed creatinin excretion rose from
an average value of 33.9 for the two days preceding the
experiment to 48.1 mgm. for the 24 hours following the injec-
tion. The creatin excretion fell from 8.7 to 5.9 mem.
Although the changes in total creatinin outnut were negli-
gible, the increase in preformed creatinin is significant,
since the animal gained slightly in weight. See Table 5.
Summarizing the results of Raida and Hesse on animals,
we can say that they suggest the existence in the body of
the same relation of cyanamid to creatin and creatinin as
was demonstrated by Volhard and others in vitro (page 39).
(
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Table 4
i
Table from Hesse Showing Changes In Excretion of Total Nitrogen,
Creatinin and Creatln After the Injection of Cyanamid in a Rabbit
Exp. 10; Rabbit 1880 gm.
(The values for nitrogenous components are in mgm.
)
Weight Urine vol. Total Preformed
Date in gm. j_n cc . Nitrogen Creatinin Creatln
19. VI. 1840 after 5% hrs. 5.5 66 7.7 1.8
" 18i " 18.5 224 25.9 5.4
24.0 290 35.6 7.2
20. VI. 1880 after 5-i- hrs. 7.6 49 7.2 1.1
" 18f " 25.4 162 24.0 5.8
51.0 211 51.2 4.9
Rabbit received 0.5 gm. cyanamid (200 mem. nitrogen) subcutaneously.
21. VI. 1860 after 5j hrs. 11.0 69 8.7 1.3
" 1Qi " 27.0 446 54.8 13.8
58.0 515 45.5 15.1
22. VI. 1800 after 5i- hrs. 5.5 52 8.2 1.8
" 18f " 15.4 182 26.0 6.3
20.9 254 54.2 8.1
f
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Table 5
Table from Hesse Showing Changes in Excretion of Total Nitrogen
Creatinin and Creatin After the Injection of Dicyandiamid in a Rabbit
Exp. 11; Rabbit 1860 gm.
(The values for the nitrogenous components are in mem.
)
Weight Urine vol. Total Preformed
Date in gm. in cc. Nitrogen Creatinin Creatin
16. VI. 1840 24 290 33.6 7.2
17. VI. 1840 28 301 34.2 10.2
Rabbit received 0.3 gm. of dicyandiamid in
sodium carbonate subcutaneously.
18. VI. 1860 31.5 715 48.1 5.9
18. VI. 1881 30.0 211 31.2 4.9
*J
Inasmuch as the writer studied tissue creatin, and
particularly muscle creatin, in cyanamid poisoning, he con-
siders it pertinent to discuss the factors involved in the
determination of muscle creatin and the variations in tissue
creatin.
Determinations of muscle creatin
Analyses of muscle creatin are usually performed on
moist tissue. However, knowing the value of the moisture
content, we can recalculate the values in several ways.
Three ways will be described.
1. The creatin values can be corrected to a constant
total solids content for both the control and exnerimental
tissues (Heidermanns 1927).
2. The creatin values of the experimental tissue are
corrected to the total solid content of the control tissue.
3. The creatin values are calculated on the basis of
dry tissue, after their determination in the usual way on
moist tissue.
In addition, the values obtained on fresh, moist tissue
may be corrected for the presence of fat, ash and moisture,
and thus expressed in terms of fat-free, ash-free, dry
tissue (Chanutin 1930). Obviously the correct method of
analysis is one which embodies the fewest number of correc-
tions for the unknown factors which may influence the
moisture content. The investigators who correct moist
(
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tissue creatin values to a constant water content make the
doubtful assumption that the concentration of creatin is
independent of the concentration of water. In the following
discussion muscle creatin is always understood to be in term
of moist tissue, unless otherwise mentioned.
Variations in muscle creatin
Muscle creatin varies under a host of circumstances.
It undergoes changes in fasting; varies with the administra-
tion of different drugs; is modified by changes in nH; and
is altered by the administration of creatin, creatinin,
various amino acids and so-called precursors.
Effect of fasting on muscle creatin
Short periods of fasting increase the creatin content,
of rabbit muscle; long fasts lower muscle creatin according
to Myers and Pine (1912). No attempt will be made to con-
sider fully the changes occurring in prolonged inanition,
because they are irrelevant to the discussion, and as yet
incompletely understood. Mendel and Rose (1912) found that
muscle creatin rose steadily throughout starvation in rabbits.
Rose (1935) pointed out that the sum of the total body crea-
tin and excretion at the end of a prolonged fast is much
greater than the amount one would expect to find at the close
of starvation, if creatin were continually lost from destroyed
muscle. It is thus inferred in contrast with Myers and "Pine,
who believe muscle creatin is irreparably lost from the body
in starvation, that there is a synthesis of creatin and
<I
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creatinin (in agreement with Mendel and Rose). "Further
proof that muscle creatin increases in starvation was fur-
nished by the experiments of Chanutin (1930,2) on dry, fat-
free tissue. "Analysis of muscle of animals that had lost
from 30 to 45 per cent of body weight shows an increase of
six per cent in the creatine content" (presumably dry, fat-
free tissue). The creatin content of dry, fat-free muscle
is thus much smaller than that of the moist tissue.
In short fasts there seems to be a rouerh correlation
between the increase in muscle crestin and the concomitant
loss in weight. In Myers' and Pine's experiments there was
an average gain in muscle creatin of 8.0 per cent with a
weight loss averaging 29.3 per cent for two rabbits, which
had been starved six and seven days respectively. Mendel
and Rose (1912) found qualitatively similar chances. Two
rabbits that had been starved for seven and s half, and nine
days suffered an average weight loss of 31.7 per cent with
an increase in muscle creatin of 12.2 per cent (Mendel and
Rose 1912). Rats that had been deprived of food for one
day lost from O.to 10 per cent of their body weight,
underwent a rise in muscle creatin of only 3.9 per cent
(Chanutin and Silvette 1928). Weight losses of 10 to 20
per cent were accompanied by increases of 9.7 ner cent in
muscle creatin (Chanutin and Silvette 1928).
It would therefore seem that a loss of 10
4
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to 20 per cent in body weight in rats is concomitant with a
greater change of muscle creatin than in rabbits.
Effect of administration of drugs on muscle creatin
Riesser (1916), Riesser and Brentano (1930), and Brentano
(1950) reported on the changes in muscle creatin following
the administration of various drugs to rabbits. Eoineohrin,
in doses of 2.0 to 2.5 mgm. , subcutaneously injected, resulted
in an average rise of 10 per cent in muscle creatin in three
of Riesser 1 s experiments. The controls were taken from a dif-
ferent series of animals.
Brentano in one experiment obtained a rise of 22 per cent
in muscle creatin, three days following the intraperitoneal
injection of 1 mgm. of epinenhrin per kilo. The control velue
in this as in the other experiments of Brentano (1930), or
Riesser and Brentano (1930), was obtained by analysis of the
posterior tibialis muscle of one leg several days before the
injection. No control experiments were performed to determine
the effect of the removal of the muscle alone on the muscle
creatin. Inasmuch as the animals lost weight after the removal
of the control tissue or at some time between the beginning of
the exoeriment and its termination, the changes in muscle
creatin must be critically considered. A 10 to 20 oer cent
10S3 of weight was always accompanied by a rise in muscle
creatin of about eight per cent in rats (Chanutin and Silvette
1928). Although it is not strictly correct to aoply observa-
tions on rats directly to rabbits, yet one is justified in
4l
assuming that a loss of over 10 per cent of body weight in
rabbits would be followed by an increase in muscle creatin.
For the purpose of comparison, we will deduct five ner cent
from the original values for muscle creatin whenever there is
a loss in body weight of at least 10 per cent. Inasmuch as
the rabbit which had been injected with epinephrine lost 15
per cent weight, we would therefore tentatively reduce the
increase in muscle creatin from 22,2 to 17.7 per cent (Pren-
tano 1930).
Injections of about 0.15 gm. of caffeine were followed
by increases of 10 per cent in muscle crestin in three exper-
iments (Riesser 1916).
The injection of 1.5 gm. of camphor per kilo in one
rabbit was followed by severe spasms (Brentano 1930). Muscle
creatin rose 21.8 per cent. Correction for accompanying
weight loss of 17 per cent would reduce this value to 16.8
per cent.
Injections of picrotoxin, which also evoked convulsions,
resulted in an average rise of 2.8 per cent in three rabbits
(Riesser 1916). Apparently a sismificant increase in muscle
creatin does not always accompany convulsions.
Injections of tetra-hydro-b-naphthylamine resulted in a
marked rise in temperature and an increase of 15.5 per cent
in muscle creatin in four animals (Riesser 1916). Paradox-
ically, if curare were given and the body temperature of the
animals allowed to fall considerably, a rise of seven per
cent of muscle creatin was observed in four rabbits
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(Riesser 1916). Apparently, disturbances In the maintenance
of body temperature would seem to have some effect on muscle
creatin.
The administration of thyroid or thyroxin in rats pro-
duced alterations in muscle creatin. Des3icated thyroid
caused an average fall of nine per cent (Bodansky 1935).
Effect of acidosis on muscle creatin
Rabbits which had been injected with ammonium chloride
developed marked acidosis (Riesser and Brentano 1930); and
Brentano 1930). The writer has considered only those experi-
ments in which the pH of the blood fell at least 0.05 units,
and changes in body weight were recorded. Most of these
experiments cover a period of a week or so. The fall in pH
varied between 0.09 and 0.47; and the loss in weight averaged
11 per cent in six rabbits, in which there was a rise in
muscle creatin of 10 per cent. Reduction for the loss in
weight still does not rule out a rise of five per cent in
muscle creatin. It is difficult to say that acidosis oer se
is responsible for the increase in creatin, since there is no
great change in muscle creatin in nephritis which is accom-
panied by acidosis.
Effect of alkalosis on muscle creatin
A fall in muscle creatin occurred in some of the experi-
ments in which alkalosis was produced by the injections of
sodium bicarbonate (Riesser 1930; Brentano and Riesser 1930).

Again the writer has considered only those experiments in
which the change in pH was more than 0.05 units and in which
the data on weight were recorded. The muscle creatin in two
experiments fell 11 per cent in two experiments. Since
muscle creatin usually rises when body weight falls, the
usual correction for weight loss should raise these values
to 16 per cent. It would thus appear that in alkalosis due
to the injection of bicarbonate, muscle creatin is diminished.
Curiously enough, however, a rise in muscle creatin was
observed in the experiment with epinenhrin where an increase
in the pH of the blood occurred (Brentano 1930).
Effect of the nervous system on muscle creatin
Denervation of one of the limbs seemed to diminish the
rises in muscle creatin obtained in animals subjected to the
influence of various drugs. "Por instance, in two experiments
with epinephrin, the muscle creatin of the denervated leer
exhibited a rise of 4.8 per cent, while that of the intact
leg increased by 8.0 per cent. Similarly in two experiments
where cooling induced an increase of 6.8 per cent, the
creatin in the denervated limb rose only 2.9 per cent (Ries-
ser 1916).
Riesser concluded from these experiments that the
nervous system played an important part in creatin metabolism.
Effect of creatin-creatinin administration on muscle creatin
Myers and Fine (1913) injected several rabbits with 0.7
to 1.2 gm. of creatin daily for five to 13 days and found

hthat the muscle creatin increased about five per cent, ^be
animals were killed one to four days after the last injection.
The sum of the muscle creatin plus the total output of creat-
inin and creatin, which were also determined, left unaccounted
from 0 to 52 per cent of the injected creatin.
Creatinin was administered in another set of experiments.
Similar rises in muscle creatin were observed, but most of the
remaining creatinin could be accounted for by the output in
the urine (Myers and Pine 191?).
The destruction of creatin or its storage elsewhere in
the body might possibly explain the lack of greater changes
in muscle creatin after the administration of creatin or
creatinin.
Chanutin (1927) studied the changes in the creatin con-
tent of muscle and other tissues in rats subsisting for two
months on diets containing 0.67 to 2.67 oer cent creatin.
Muscle creatin rose only 3.8 per cent in the rats on the
higher creatin diet.
Adult rats maintained for 19 days on a diet containing
five per cent of creatin exhibited rises of 19 oer cent in
muscle creatin. However, if young rats were kept on diets
containing 10 per cent of creatin for two days, the rise was
2 Zb per cent. This would indicate that the young rat is the
more susceptible to changes in muscle creatin (Chanutin and
Silvette 1926).
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If adult rats were kept on a diet containing 10 Der cent
of creatin they exhibited a rise of 14 per cent in the muscle
creatin only on the first day of feeding. The values on the
second day were four per cent higher than the normals.
Apparently the saturation value for muscle creatin was reached
the first day.
Administration of 100 mgm. of creatin by stomach tube to
adult rats produced no significant rise in muscle creatin in
three to six hours. Twenty-one per cent of the creatin given
was recovered from the alimentary tract (BodansVy 1936).
On the other hand, Beard and Barnes (1931) obtained
increases of 23,6 per cent in muscle creatin 17 to £4 hours
after feeding young rats 0.5 to 1.0 gm. of creatin. Beard
and Bogges (1936) reported experiments in which the adult rat
were sacrificed one to four days following the intraperitoneal
injection of 100 mgm. of creatin. The average increases in
muscle creatin were 17.4 per cent. By way of summary we might
say that the changes observed in muscle creatin of rats vary
with the age of the animals and the mode and length of admin-
istration of creatin.
Effect of administration of substances related to creatin
Several substances will be considered in this section,
viz, guanidin, guanidin-acetic acid, arginin, glycin, choline
and betaine. Wishart (1919) performed creatin determinations
on the gastrocnemius muscle following the subcutaneous or
intravenous administration of guanidin salts. One of the
i
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gastrocneraii was removed under anesthesia or after decerebra-
tion; the guanidin was injected and the animals were Vil^ed
when the neuromuscular symptoms had "become quite marVed
(usually one or two hours later. Similar increases in muscle
creatin were observed in frogs, cats and docs. In one cat
the rise was 20,4 per cent after the administration of 0.2
gm. of guanidin carbonate. An increase in muscle creatin of
21 per cent occurred in one dog following the injection of
0.86 gm. of guanidin-sulphate given in several nortions.
Wishart's experiments should be repeated with adequate
controls. However, it is not lively that the operative pro-
cedures contributed to the changes in muscle creatin accord-
ing to the control experiments of Thompson (1917) in his
studies of arginin.
Average increases of 8.5 oer cent in muscle creatin in
five rats were observed two days following the injection of
50 to 100 mgm. of methylguanidin. No change was observed
in the muscle creatin of the animals that died the day of
the injection (Beard and Bogges 1936).
Baurnann and Hines (1917) could not detect an increase
in muscle creatin after the injection of guanidin-acetic
acid ( glycocyaraine ) in dogs, although they did observe an
increased output of creatin. Perfusion of the hind leg with
guanidin-acetic acid produced an increase of 10.4 ner cent
in muscle creatin (calculated on a dry basis). Due sllowsnc
was made for the chromogenic equivalent of the glycocyamine.
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Bodansky (1956) administered 100 mmi. of guanidin-acetlc
acid by stomach tube to rats and observed no significant in-
crease in muscle creatin. However, an increase in excretion
of creatin occurred.
Beard and Barnes (1931) reported rises of 4R.5 ner cent
in muscle creatin in young rats after feeding one gm. doses
of glycocyamine. Beard and Bogges (1936) observed an average
rise of 14.9 per cent in adult rets following several intra-
peritoneal injections of 100 mgm. of glycocyamine. The chro-
mogenic effect of the guanidin-acetic acid was not considered
in any of these experiments.
Arginin has long been considered as one of the nossible
precursors of creatin. Thompson's exDeriments (1917) were
numerous and carefully performed, but not confirmative of the
above hypothesis. He observed an increase of 2.4 ner cent in
muscle creatin of 9 rabbits after the intravenous injection
of arginin. The injections were made directly following the
removal of the control leg. The other leg was removed for
analysis six hours later. Controls with saline in nlace of
arginin were negative.
Young rats maintained for 53 days on diets low in argin-
in suffered no decrease in tissue creatin (Meyer and Rose
1933). However, the oral administration of large doses of
arginin in rats produced rises in muscle creatin of 29 oer
cent (Beard and Barnes 1931). Injections of 100 mgm. of
arginin in rats also produced similar increases in muscle
creatin (Beard and Bogges 1936).
-i
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Beard and Barnes (1931) resorted rises of 15.4 oer cent
in muscle crestin of young rats which had been fed 0.5 to
1.0 gm. of glycin for one day. Intraperitoneal Injections
of 100 to 200 mgm. of glycin in rats produced increases in
muscle creatin ranging from 5 to 32 per cent (Beard and
Eogses 1936). The studies of Beard and Barnes, and Beard
and Bogges on glycocyamine, arginin and erlycin, are subject
to the same criticism as their experiments with substances
unrelated to creatin. (See below)
According to Riesser (1913), injections of 2.5 ttm. of
choline in rabbits produced rises of six to seven ner cent
after 24 to 48 hours. Some of the animals died after the
injections.
Doses of 4.8 to 12 gm. of betaine hydrochloride injecte
in rabbits during 12 to 48 hours were followed by increases
in muscle creatin averaging 8.6 ner cent (Riesser 1913).
Effect of administration of substances apparently unrelated to
I
creat in
Beard and Barnes (1931), and Beard end Bosses (1936)
have presented evidence that amino acids such as valine,
alanine, leucine, etc., which bear no relation chemically to
creatin, increase muscle creatin in the rat.
These substances were fed in doses of 0.5 to 1.0 gm. to
young rats of 40 to 55 gm. Increases in muscle creatin were
of the same magnitude or greater than those observed after
the feeding of creatin (page 74). Interpretation of the
results in these feeding experiments is difficult. Firstly,
the animals were young; secondly, their rations were removed
— —SEttil
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the substance administered was consumed; thirdly, the doses
were unphysiologic to say the least. In regard to the exrer-
ments of Beard and Barnes, Rose (1935) says," without
questioning the accuracy of the author's observa tiers , ore 1s
justified in assuming that the results are rot to v,e attributed
to a direct transformation of the compounds into creatine or
creatinine." The reason for suggesting stimulation as the
cause of the enormous changes observed is that each of the
compounds studied were dissimilar and yet had the some effect.
The effect of several rarenteral injections of these
amino acids and related substances, are likewise subject to
the seme criticism (Beard and i°offges 1936).
Repetition of these experiments with smaller dosages
might conceivably yield different results.
Effect of renal damage on muscle creatin
Rats nephrectomized and then fasted for two days exhib-
ited a fall of 4.6 ner cent in muscle creatin. ^hi s could
be due to increased destruction of creatin, a shift of creat.1^
to other organs, or the accumulation o^ water in the muscle
Chanutin and Silvette 1929). n^he third factor is nrobahiy the
most important since the total creatin content o^ the organ-
ism is not lowered two days after nephrectomy(Chanutin 1930,1).
A shift of creatin from muscle to liver is nrecluded by the
small increase in the creatin content of the latter oro-on
after nephrectomy.
In 1916, Denis made an extensive study of the oreatin
*
content of human muscle in various diseases. The normal
value obtained by analysis of the muscle of five individuals
dying from hemorrhage was 389 mem. oer cent. The average
muscle creatin of 13 patients dying from various tynes of
nephritis (arteriosclerotic, chronic, tuberculotie , etc.) was
395 menu, per cent. This difference is insi ernifleant. We can
conclude on the basis of these observations that muscle
creatin does not vary to a large degree in nenhritis.
Muscle creatin in muscular diseases
It is interesting to note that the concentration of
muscle creatin is markedly diminished in advanced muscular
atrophy. Bodansky et al (1930) made an intensive study of a
case of myositis fibrosa. Although blood creatinin and crea-
tin were apparently normal, the muscle creatin was consider-
ably diminished. Goettsch and Brown (1932) observed low
values for muscle creatin in experimental nutritional dys-
trophy of dietary origin.
Variations in liver and kidney creatin
No attempt will be made to discuss fully all the change
that may occur in liver and kidney creatin.
Normal liver of rats contains 33 mgm. oer cent of crea-
tin; kidney, 46 mgm. per cent (Chanutin 1927). Liver creatin
decreased 12 per cent in rats fasted until they had lost
0 to 10 per cent of their weight. The creatin content of
the kidney in these experiments was increased by 40 oer cent
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Starvation with a loss of 10 to 20 per cent in weight resultec
in a five per cent fall in liver creatin and a 40 per cent
rise in kidney (Chanutin and Silvette 192R).
The estimable creatin of the liver and kidney of rats
maintained for two months on diets containing 2.67 per cent
creatin, was elevated 176 and 57 oer cent, respectively.
Liver creatin rose 400 to 500 per cent in rats one to
two hours after receiving; 100 mgm» of creatin by stomach tube
(Bodansky 1936). In the same experiments kidney creatin
attained values 300 to 400 per cent higher than normal.
The creatin content of the liver in rats was increased
90 per cent two days after nephrectomy (Chanutin and Silvette
1929).
The liver of normal rabbits ha3 between 24 to 2 r? mcrm.
per cent creatin. The creatin content of kidney is between
19 and 20 mgm. per cent (Rose, Helmer and Chanutin 1927).
Not many observations on the changes in liver and kidney crea
tin of rabbits have been made.
J
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The writer undertook to redetermine the subcutaneous,
minimum lethal dose of cyanamid in mammals inasmuch as there
was considerable disagreement in the results of other invest
igators (Table 1, pasre 15).
Moreover, the data of Raida (1923) and Hesse (19?1)
tended to show an intimate relation between cyanamid and
creatin. For this reason, analyses of the creatin and creat
inin content of blood and urine and total creatin of various
tissues were performed in rabbits that had been injected
intraven ously with lethal doses of cyanamid.
Experiments
Purification of cyanamid
The cyanamid used in the following experiments was nuri-
fied from a preparation secured from the Eastman Kodak Com-
o
pany. The original product melted from 38.5 to 44. 5 C, had
a geraniol-like odor, and yielded approximately 80 oer cent
cyanamid (see method on paa-e 5).
The purification was accomplished by extracting the
material with several portions of ether, evaporating- the
combined extracts to dryness in vacuo, and recrystallizing
the residue from ether. The cyanamid thus prepared was odor-
less and melted between 39.5* and 44.3' C. The accepted melt-
ing point is 44C.
Twenty mgm. of this material (one cc. of a two oer cent
aqueous solution) when analysed according to the usual
1
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methods contained 99 per cent of cyanamid. This solution was
used for the experiments on mice to be discussed shortly.
The percentage of cyanamid was determined in the same manner
from time to time during a period of nine to ten weeVs. Its
concentration only decreased to 96 per cent in this interval.
Experiments on mice
Each of six full-grown mice (No. 1 to 6) was injected
with 0.4 mgm. of cyanamid per gm. Respiration immediately
became deeper and accelerated. Most of the mice were par-
alysed (i.e., unable to right themselves) within an hour sfte
the injection. Hyperexc itability of the start reflex was
also noted. Two hours after the injection it was possible
to induce convulsive movements or spasms by pinching. It was
also observed that the respiration had become slow and
labored. Mice that were prostrate at this time died within
three and a half to six hours. All of the others died within
51 to 45 hours (see Table 6). The animals exhibited cyanosis
as a result of the respiratory embarrassment.
At autopsy, gas and yellowish fluid were present in the
small intestine. Tracheal hemorrhages were noted in most of
the animals. Histological sections of mouse No. 7> were made.
The ileum exhibited non-uniform autolysis and desauamation
of the mucous membrane or entire villi. There was no evi-
dence of inflammation. The liver presented acute and chronic
periportal inflammation.
The sinusoids of the spleen were dilated and engorged,
r
•
suggesting cardiac failure. There was also evidence of red
cell destruction.
The tracheal hemorrhage that was observed grossly nroved
to be an artefact on microscopic examination. This does not,
I
of course, mean that the tracheal hemorrhages in the other
mice were also artefacts. The other organs did not exhibit
any acute changes that could be referable to cyanamid, and
are therefore not described. According to these findings
death was due to cardiac failure.
The next set of six animals (No. 7 to 13) was injected
with 0.2 mgm. of cyanamid per gm. of body weight. They also
exhibited the same respiratory changes shortly after injec-
tion as did the previous group. None of them became naral-
ysed. They were all alive and appeared normal eight days
later, at which time they were used in the following experi-
ment. A dose of 0.3 mgm. per gm. was administered and the
usual prompt respiratory effects were again noted. In general
all the animals behaved in the same way as did the groun
I
receiving 0.4 mgm., although the development of the poisoning
was somewhat slower because of the smaller dosage. Individ-
ual treatment of these animals will be omitted since the
cardinal changes are tabulated in ^ahleS. Five of the six
animals died within three days. Number 12 survived and was
used for further experiments.
About eight weeks later another series of animals (No. 13
to 15) was injected with 0.3 mgm. of cyanamid per gm. Here,

however, but one of the three animals (No. 15) died. In fact,
|
No. 15 was reinjected with 0.2 mgm. of cyanamid the next day
and survived. It is thought that the lower mortality of this
series mieht be due to three reasons. Firstly, we have the
factor of individual differences; secondly, that of deterior-
ation of cyanamid; and thirdly, in the previous series of 0.5
mgm. dosages, the animals had been injected with 0.2 mem. of
cyanamid per gm. a few days before.
Analysis of the cyanamid solution a few days later re-
vealed a concentration of 96 per cent of cyanamid, hence its
deterioration could not have been the reason for the differ-
ence observed. The other two factors can not be disnosed of.
These experiments, in general, substantiate the minimum
lethal dose of 0.3 and 0.4 mgm. per em., and the resniratory
changes, hyperexcitability, paralysis, and spasms (Coester
1896). The gas and yellow fluid in the intestine end the
frequent occurrence of diarrhea confirm the results of
Koelsch (1914;1916,2) and the experiments of Stritt (1909)
and Hesse (1921) with rabbits. Hemorrhaees in the trachea
i
were observed in many of the mice, in agreement with Foelsch*
observations on rabbits. The absence of oaralysis in the
series receiving 0.2 mgm. of cyanamid is in disaereement with
Coester 's observation that one-third of the m.l.d. alwsys
caused transient paralysis.
Injection of cyanamid and glvcin in mice
Six mice (No. 16 to 21) weiehine between 20 and 51 em.
4
were subcutaneously injected with about two mgm. of glycin.
They exhibited extensor spasms and rolling movements in a few
minutes. Forty minutes later mice No. 16, 19, end 2n received
0.3 mgm. of cyanamid per gm. subcutaneously. Py this time
No. IV had already died from the glycin alone. No. 16, IP,
and 20* died within one and a half hours, whereas the two re-
maining glycin controls survived one hour longer (see i»aHe7)
Apparently, the dose of glycin was too large for the animals
to tolerate. In the next experiment smaller amounts of
glycin were injected.
In the following series of mice (No. 21 to 24) approx-
imately 0.2 mgm. of glycin per gm. was administered to each
mouse, and immediately thereafter 0.3 mgm. of cyanamid oer
gm. was injected into No. 21 and 24. The two controls suf-
fered no ill effects from the glycin alone, whereas the other
two mice, which had also received cyanamid, succumbed within
17-| hours (seeTable 8).
We can conclude from these experiments, few as they are,
that glycin does not protect mice against the toxic effects
of cyanamid, since the survival period was not increased.
This is in agreement with Hesse (1921).
*Dr. Turn Suden of the Department of Physiology verified
the presence of cataracts which the writer had noted directly
after death in mouse No. 20.
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Table 7
Time of Death After Administration in Mice of
Glycin (laree dose) and Cyanamid
Mouse Dose of Dose of
No. Glycin Cyanamid Time of Death in Fours
16 2 mgm. 0.3 mgm. l-§-
17 2 Dead before infection
with cyanamid
18 2 2i
19 2 0.3 mem. li
20 2 0.3 " Within li
21 2 --- 1*
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Table 8
Time of Death After Administration in Mice
Glycin (small dose) and Cyanamid
Mouse
No.
21
22
23
24
Dose of
Glycin
0.2 mprm.
0.2
0.2
0.2 »
Dose of
Cyanamid
0. 3 mem.
0. 3 meim.
Time of Death in ^ours
Within 17£
Survived
Within 17i

Chromoeenlc reaction of cyanamid with alkaline picrate
Inasmuch as the writer intended to determine creatinin in
body fluids and tissues of animals poisoned with cyanamid, it
was thought advisable to ascertain whether cyanamid alone
would develop a color with picric acid in alkaline solution.
It so happened that cyanamid did have some chromoeenic effect,
but as will be shown this was not siernificant. The color
developed by one mgm. of cyanamid, plus a definite Quantity
of picric acid and sodium hydroxide, exactly matched a solu-
tion of alkaline picrate without cyanamid. Moreover, heatlne
cyanamid with picric and hydrochloric acids likewise did not
produce any more color than the blank.
However, a slight amount of color developed in a solution
containing from two to 25 mgm. of cyanamid treated with five
to ten times the amount of alkali used in the determination
of creatinin in blood. This quantity of cyanamid was thus
estimated to be equivalent to 0.03 mem. of creatinin. A mix-
ture of one mgm. of slyc in, one mem. of cyanamid and the same
proportions of picric acid and alkali used in the determina-
tion of creatinin, gave no chromogenic effect. Excess of
alkali again caused the development of a slight color.
One mgm. of glycin and one mem. of cyanamid were placed
in a flask for one week. At the end of this time the usual
proportions of picric acid and alkali were added but no color!
developed.
A solution of two mem. of elycin, two mem. of cyanamid

autoclaved In the presence of picric and hydrochloric acids,
still produced no observable chromogenic chance.
An aromoniacal aqueous mixture of one mgm. each of erlycin
and cyanamid, with or without a small amount of alcohol, cave
no appreciable Jaffe reaction.
The last three experiments were performed because of the
reaction of methylglycin (sarcosin) plus cyanamid to form
creatin (pages 39-40).
It was therefore concluded that cyanamid, at room temper-
ature or autoclaved, with or without glycin did not develop
any significant chromogenic effect when treated with alkaline
picrate as in the determination of creatin. Moreover, the
possible colorimetric effect of cyanamid is only of theoret-
ical importance, because Raida (1925) was at no time able to
detect cyanamid in blood or tissues a few hours after the
administration of cyanamid.
Experiments on rabbits
The following studies are divided into two parts, which
will be discussed separately, although the experiments were
carried out simultaneously.
1. Observations on the behavior of rabbits following the
intravenous administration of lethal doses of cyanamid.
2. Determinations of preformed creatinin and tot8l creat-
inin of the blood and urine: analyses of total creatin as
creatinin of muscle, liver and kidney.

Methods and experimental technique
The chemical methods employed for blood creatinin and
creatin were adapted from Polin (1934). The analyses were
performed on tungstic acid filtrates. Purified nicrie acid
instead of sodium picrate was used. It was found convenient
to use the same creatinin standards for total creatinin as
for the preformed creatinin, i.e., hydrochloric acid was
omitted. This made no difference in the results as ascer-
tained by comparisons with or without the acid. The stand-
ards used were 0.01 mgm. apart rather than 0.02 mgm. , as
called for in the original method. Mattice (1936) has
recommended reading all the unknowns against a single stand-
ard, and then correcting for the deviation from Peer's law,
by reference to a graph, the values for which had been
obtained by reading known quantities of creatinin against
one standard. However, it was found that satisfactory read-
ings could be made by comparing the filtrates against stand-
ards, which matched fairly well by direct visual comparison.
Urinary creatinin and creatin were determined according
to the methods of Polin. The procedure of autoclaving the
urine in the presence of picric and hydrochloric acids
invariably yielded high values for creatin. This was annar-
ent from the rapidity of color development after the alkali
had been added, and from the fact that the colors were not
always of the same hue as pure creatinin standards or pre-
formed creatinin of the urine. More direct evidence was
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furnished by the observation that after autoclavinp- the
urines with hydrochloric acid alone, the colors developed
slowly and closely resembled the creatinin standards. Lower
values were obtained by this method. The results are all
comparable, even if hisher than actual, since the procedure
of using picric and hydrochloric acids was employed through-
out the experiments.
DuDlicate analyses were performed on creatin and crea-
tinin of the blood and urine.
The method of Rose, Helmer, and Chanutin (1927) nroved
satisfactory for the estimation of total creatin in tissues.
In addition, determinations of blood inorganic phosphate
according to Walker and Huntsincer (1930), amino acid nitro-
gen by Polin's method (Hawk and Berereim 1931), and euanidln
adapted from the method of Sullivan (1935) for eruanidin in
aoueous solutions or in amino acids v/ere performed (Rabbits
No. 12 and 13).
The cyanamid used in the experiments with rabMts was a
20 per cent aqueous solution of the purified material. A
20 per cent aqueous solution of glycin was also used in some
experiments
.
The experiments on rabbit No. 4, glycin injection;
rabbit No. 5, control; and rabbits No. 7 and 8, cyanamid
injections; were performed with the animal immobilized on
an operating board the greater part of the experiment. A
catheter was inserted into the bladder via the urethra at

the beginning of the experiment; the urine was discarded and
the catheter was left in Place for the duration of the exper-
iment.
One hundred cc. of water was then given by stomach tube
in the two experiments on rabbit No. 4 and the control exper-
iment on No. 5. This procedure was omitted in the remain in er
experiments because of the possible relation of the ensuing
diuresis and creatinin excretion.
At intervals of several hours the urine was removed in
a graduated cylinder and set aside for analysis. This method
was discontinued in the experiments on rabbits No. 9, 12, and
15, because the changes took somewhat longer to develop than
was at first expected. In these experiments the animal was
at first catheterized and the urine discarded. Fe was then
placed in a cage to allow collection of normal urine for
about 24 hours. At the end of the control period the animal
was catheterized and the urine thus obtained combined with
the cage washings. Urine was collected for a period of
approximately 24 hours following the injection.
Control blood was drswn from the ear vein into an oxa-
lated bottle. The bloods taken after the injection of
cyanamid were, when possible, drawn from the ear, but in
many cases were taken from the heart after stunning the
animal by blows on the head. In one or two animals the final'
specimen was taken from the heart soon after the animal had
died. Analyses on such bloods have been excluded from the

tables because of possible do st-mortem changes.
Tissues for creatin analyses were taken as soon as the
animal died from the effects of the cyanamid or iimnedia tely
after stunning the animal, ^he specimens of muscle were
always taken from the adductor longus muscle distal to the
branching of the femoral vein. Samoles of liver and Mdney
were taken at random.
In most of the experiments resniratory rate, heart rate,
and rectal temperature were recorded before and after the
injections.
At frequent intervals the writer observed the response
of the rabbits to startling, or to slapping of the foot.
Such stimulation of the animals that were kent tied down
during the experiment often occasioned convulsive or spas-
modic movements. However, some of these violent outbursts
on the part of the animal were probably due to his efforts
for freedom. They have been considered as spasms or convul-
sions whenever they were apparently spontaneous, or occurred
in response to a definite stimulus such as slapping, ^he
animals that were confined to cages during the experiment in
order to collect 24-hour urines did not exhibit these convul-
sive movements to a great extent.
Thirteen experiments were performed on full-grown male
rabbits. Rabbits No. 5 and 4 were used twice. In the first
experiment, No. 5 was used as a control without receiving
any injection, and at a later date injected with cyanamid.

In view of the relation between erlycin end cr'eatin (nacres 39
to 40), rabbit No. 4 was injected with prlycin in the first
experiment and a few days later received injections of erlycin
and cyanamid. Rabbits No. 7, 8, 9, 12, and 13 were infected
with cyanamid only. Inasmuch as the chancres in blood and
urinary creatinin resembled those occurring in renal insuf-
ficiency, the ureters of rabbits No. 15 and 18 were Uprated
and the changes in blood creat in-creatinin studied. Moreover
the animals that had been injected with cyanamid did not
partake of food end water, so two starvation experiments were
carried out (No. 15 and 18). The results of these experi-
ments are found in the following: tables.
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Table 9a
Changes in Blood Crestin and Creatinin in Control Rabbit
Rabbit No. 5; 3.^6 kilo
(All values are expressed in mgm. per cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
2:50 P.M.* 1.4 3.6 2.2
Rabbit received 100 cc. of water by stomach tube after blood samnlincr
6:30 P.M.* 1.3 3.8 2.5
(4 hrs. later)
7:45 P.M.* 1.2 3.8 2.6
(1 hr. 15 min. later)
-"-Filtrates were made on unlaked blood.

Table 9b
Changes in Urinary Creatin and Creatinin in Control Rabbit
Rabbit No. 5
(The values are given in mgm. unless otherwise noted.
)
Preformed
Time Urine Volume Preformed Creatinin in Total Creatin as
Collected in cc. Creatinin mgm. per hr. Creatinin Creatinin
2:50 P.M. 4 9.8 --- 12.4 2.6
Rabbit received 100 cc. of water by stomach tube
5:15 P.M. 30 25.7 9.5 26.9 3.2
(2 hr. , 25 min.
)
7:35 P.M. 68 19.0 8.3 20.4 1.4
(2 hr. , 20 min.
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Table 10a
Changes in Blood Creatin and Creatinin After Intravenous
Injection of Glycin in Rabbit
Rabbit No. 4; 3.36 kilo
(All values are expressed in mgm. per cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
10:45 A.M. 1.5 2.8 1.3
Rabbit received 100 cc. of water by stomach tube after blood samnlir.*r
n " 0.3 gm. of glycin per kilo by ear vein at 11:25 A.M.
12:45 A.M.
( 1 hr., 20 min. 1.4 2.8 1.4
after injection)
2:50 P.M.
(3 nr., 25 min. 1.1 2.9 1.8
after injection)
6:15 P.M.
(6 hr. , 50 min. 1.4 2.6 1.2
after injection)
e,frnr'at», 0'T -+fT-
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Table 10b
Changes in Urinary Creatin and Creatinin After Intravenous
Injection of Glycin in a Rabbit
Rabbit No. 4
(The values are given in mgm. unless otherwise noted.
)
Preformed
Time Urine Volume Preformed Creatinin in Total Creatin as
Collected in cc. Creatinin mgm. per hr. Creatinin Creatinin
11:10 A.M. 10*
Rabbit received 100 cc. of water by stomach tube
" " 0.3 gm. of glycin per kilo at 11:25 A.M.
12:50 A.M. 32 17.1 9.78 17.1 0.0
(1 hr. , 40 min.
)
2:40 P.M. 4
(1 hr. , 50 min.
6:00 P.M. 60 *+ 18.6 5.7 18.9 0.3
(3 hr. , 20 min.
)
r
# Not analysed
Part of samnle lost
* Corrected for loss due to spilling about 1 /6 urine
I1
4
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Table 11a
Changes in Blood Creatin and Creatinin After Intravenous
ft Injection of Glycin and Cyanamid in Rabbit
Rabbit No. 4; 3.42 kilo
(All values are expressed in menu, per cent. )
Time Blood Preformed Total Crestin as
Taken Creatinin Creatinin Creatinin
11:00 A.M. 1.3 5.2 1.9
Rabbit received 100 cc. of water by stomach tube after blood sam^linc-
w
" 0.5 gm. of glycin per kilo by ear vein at 11:50 A.M.
"
" 0.25 gm. of cyanamid " " " " " " 11:40 A.M.
4:25 P.M. 1.5 5.0 1.7
(4 hr. 45 min.
after injection)
8:50 P.M. 1.5 3.1 1.8
(8 hr. 50 min.
after injection)
10:40 A.M. 5.0 9.6 6.6
(24 hr. 10 min.
after injection)
4:10 P.M. 4.8
(29 hr.40 min.
after injection)-*
Rabbit No. 4 died between 55 hr. 20 min. and 45 hr. 20 min.
after the injection of cyanamid.
Weight of animal at death, 5.14 kilo (7.9 per cent loss)
r
-slnsuff icient blood for complete analysis
*
Table lib
Changes in Urine Creatin-creatinin and Tissue Total Creatin
After Injection of Glycin and Cyanamid in a Rabbit
Rabbit No. 4
(The values are given in mgm. unless otherwise noted.
)
Preformed
Time Urine Volume Preformed Creatinin in Total Creatin
Collected in cc. Creat inin mgm. per hr. Creatinin Ores tint
11:20 A.M. 11.5*
Rabbit received 100 cc. of water by stomach tube
" " 0.3 gm. of fflycin oer kilo at 11:30 A.M.
"
M 0.25 gm. of cyanamid/vtlo at 11; 40 A.M.
4:30 P.M. 58.0 28.7 5.6 30.2 1.5
(5 hr. , 10 min.
)
8:30 P.M. 98.0 22.6 5.6 24.5 1.9
(4 hr.
)
3:50 P.M. 45.0 23.9 1.2 30.2 6.3
(19 hr. , 20 min.
)
Tissue Total Creatin as Creatinin
(in mgm. per cent
)
Muscle 564.7
Liver 37.8
* Not analysed
13
Table 12a
Changes in Blood Creatin and Creatinin After Intravenous
Injection of Cyanamid in a Rabbit
Rabbit No. 5; 3.76 kilo
(The values are given in mgm. per cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinln Creatinin Creatin in
10:15 A.M. 1.1 2.9 l.R
Rabbit received 0.3 cm. of cyanamid per kilo by ear vein at 2:20
3.00 P.M. 1.2 3.2 2.0
(40 min. after
injection)
8:30 P.M. 1.9 3.6 1.7
( 6 hr. , 10 min.
after injection)
Rabbit was killed 18 hr. , 25 min. after the injection of
cyanamid.
4
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Table 12b
Changes in Urine Creatin-creat inin and Tissue Total Creatin
After Injection of Cyanamid in a Rabbit
Rabbit No. 5
(Values given in mgm. unless otherwise noted.)
Time Urine Volume Preformed Creatinin in Total Creatin as
Collected in cc. Creatinin mgm. per hr. Creatinin Creatinin
Rabbit received 0.3 gm. of cyanamid per kilo*
9:10 P.M. 115 57.5 8.4 62.7 5.2
(6 hr. 50 min.
)
Tissue Total Creatin as Creatinin +
Muscle 500.5
Liver 43.9
-«-These urine values are somewhat hieht because the bladder was
not completely emptied at the start of the exneriment.
*The values for tissue creatin are quest ionabie since the tissues
were removed for analysis about 1^ hr. after death o^ the animal,
1
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Table 13a
Changes in Blood Creatin and Creatinin After Intravenous
Injection of Cyanamid in a Rabbit
Rabbit No. 7; 2.52 kilo
(The values are given in mgm. per cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
11:40 A.M. 1.7 2.? 0.6
Rabbit received 0.2 gm. of cyanamid per kilo by ear vein at 1:45 P.M.
6:00 P.M.
(4 hr. 15 min. 3.0 3.3 0.3
after injection)
Rabbit died between 6 hr. , 15 min. and 6 hr. , 45 min. after
the injection of cyanamid.
4
105
Table 13b
Changes in Urine Creatin-creatinin and Tissue Total Creatin
After Injection of Cyanamid in a Rabbit
Rabbit No. 7
(All values are expressed in mgm. unless otherwise noted.
)
Preformed
Time Urine Volume Preformed Creatinin in Total Creatin ss
Collected in cc. Creatinin mgm. oer hr. Creatinin Creatinin
1:15 P.M. 14.5 17.1 4.5 18.0 0.9
(3 hr. , 50 min. )
Rabbit received 0.2 gm. of cyanamid per kilo
5:30 P.M. 3.0 4.5 1.1 4.7 0.2
( 4 hr. , 15 min.
)
8:30 P.M.
(3 hr. , ) 2.0 1.7 0.6 1.8 0.1
Tissue Total Creatin as Creatinin
in mgm. per cent
Muscle 492.3
Liver 21.0
4
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Table 14a
ft
Changes in Blood Creatin and Creatinin After Intravenous
Injection of Cyanamid in a RabMt
Rabbit No. 9; 2.38 kilo
(The values are given in mgm. per cent.)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
5:00 P.M. 0.8 3.2 2.4
Rabbit received 0.08 gm. of cyanamid per kilo by ear vein
directly after blood sampling.
5:25 P.M. , next day
(24 hr. 25 min.
after injection) 1.0 3.1 2.1
Rabbit received 0.20 gm. of cyanamid per kilo directly
after blood sampling.
4:00 P.M. , next day
(47 hr. after
injection) 4.0 8.4 4.4
Rabbit died 50 hr. after the first injection of cyanamid.
ft
44
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Teble 14b
Changes in Urine Creatin-creatinin and Tissue m otal Creatin
After Injection of Cyanaraid in a Rabbit
Rabbit No. 9
(Values siven in mem. unless otherwise noted.)
Preformed
Time Urine Volume Preformed Creatinin Total Creatin as
Collected in cc. Creatinin mgm. per Creatinin Creatinin
4:oo P.M. 205 112.7 4.6 155.8 43.1
(24 hr. SO min.
)
Rabbit received 0.08 gm. of cyanamid per kilo at 5? 00 P.M.
5:00 P.M. 300* 95.2 3.7 135.0 52.8
(25 hr. after
first collection)
Rabbit received 0.2 gm. of cyanamid per kilo at 5:25 P.M., next day
3:15 P.M.
(22 hr. 15 min.
after second
collection) 101 71.7 3.3 96.0 24.3
Tissue Total Creatin as Creatinin
in mgm. per cent
Muscle
Liver
f
All urine volumes laree because of cape washines.
* Values corrected for loss of about l/5 of the urine.
537.2
57.0
V
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Table 15a
Changes In Blood Creatin and Creatinin After Intravenous
Injection of Cyanamid in a Rabbit
Rabbit No. 12; 3.16 kilo
(The values are given in mgm. per cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
6:45 P.M. 1.4 5.6 4.2
Rabbit received 0.2 gm. of cyanamid oer Viio by ear vein at 6:55 P.M.
12:00 A.M.
(17 hr. 5 min.
after injection) 2.9 7.5 4.6
Rabbit was killed 17 hr. 5 min. after the injection of
v cyanamid.
V
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Table 15b
Changes in Urine Creat in-creatinin and Tissue Total Creatin
After Injection of Cyanamid in a Rabbit
Rabbit No. 12
(Values given in mgm. unless otherwise noted.)
Time Urine Volume Preformed Creat inin Total Creatln as
Collected in cc» Creatinin mgm. nerhr Creat inin Creatinln
4:45 P.M.
(25 hr. 55 min. ) 90 171.0 6.7 250.4 59.4
Rabbit received 0.2 erm of cyanamid per kilo by ear vein at 6:55 P.M.
11:30 A.M.
(18 hr.45 min.
after first
collection) 68 48.5 2.6 52.4 4.1
Tissue Total Creatin as Creatinin
in mgm. per cent
Muscle 565.2
Liver 41.2
Kidney 59.7
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Table 16a
Changes in Blood Creatin and Creatinin After Intravenous
Injection of Cyanamid in a Rabbit
Rabbit No. 13; 5.5 kilo
(The values are given in msrm. per cent. )
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
3:00 P.M. 1.2 3.9 2.7
Rabbit received 0.2 em. of cyanamid per kilo by ear vein at 3:05 P.M.
7:30 P.M, next day
(27 hr. 25 min. after
injection) 5.1 10.7 5.6
Rabbit was killed 27 hr. 35 min. after the injection of
cyanamid.
4
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Table 16b
Changes in Urine Creatin-creatinin and Tissue Total Creatin
After Injection of Cyanamid in a Rabbit
Rabbit No. 13:
(Values given in mgm. unless otherwise noted.)
Preformed
Time Urine Volume Preformed Creatinin Total Creatin as
Collected in cc. Creatinin mgm. oer hr . Creatinin Creatinin
2:45 P.M. 450 151.5 6.5 184.5 33.0
(23 hr. 30 min. )
Rabbit received 0.2 gm. of cyanamid per kilo by ear vein at 3; 05 p.m.
7:05 P.M. 100 35.5 1.3 47.0 11.5
(27 hr. 20 min.
after first
collection)
Tissue Total Creatin as Creatinin
in .mgm. per cent
555.7
35.7
41.0
Muscle
Liver
Kidney
All urine volumes large because of cage washings.
t
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Table 17
Changes in Blood Creatin-creatinin and Tissue Total Creatin
of a Rabbit After Ligation of Ureters
Rabbit No. 15; 2.97 kilo
(The values are given in mcrra. per cent. )
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
11:10 A.M. 1.5 3.4 1.9
Both ureters ligated at 12:30 A.M. under ether
4:30 P.M. , next day
(28 hr. after liga-
tion) 16.2 IB. 9 2.7
Animal died at 4:40 P.M. (28 hr. 10 min. ) after ligation o**
ureters
.
Tissue Total Creatin as Creatinin
Muscle 506.5
Liver 60.3
Kidney 63.0
20 cc. of urine (catheter specimen before operation
)
contained 32.2 mgm. of preformed creatinin.
r
Table 18
Changes in Blood Creatin-creatinin and Tissue Total Creatin
of a Rabbit After Ligation of Ureters
Rabbit No. 18; 1.84 kilo
(The values are given in mgm. per cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
12:30 P.M. 1.8 4.4 2.6
Both ureters ligated at 1:30 P.M. under ether
3:30 P.M., next day
(27 hr. after liga-
tion) 7.0 11.6 4.6
Animal killed at 3:35 P.M. (27 hr. , 5 min. ) after ligation
of ureters.
Tissue Total Creatin as Creatinin
Muscle 551.6
Liver 21.7
Weight of animal at death, 1.77 kilo (3.8 per cent loss)
<m
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Table 19
Changes in Blood Creatin-creatinin and Tissue Total Creatin
of a Rabbit After Starvation
Rabbit No. 16; 2.97 kilo
(The values ere given in mgm. oer cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatinin
llslS A.M. 1.6 3.9 2.3
Animsl deprived of food and water.
1:30 P.M., next day
(26 hr. 15 min. ) 1.5 3.8 2.3
Animal killed at 1:45 P.M. (26 hr. 30 min. ) after fast be^an.
Tissue Total Creatin as Creatinin
Muscle 538.5 (left adductor lonmas 534.0)
Liver 21.7 (riffht " " 543.1)
Kidney 17.4
Weight of animal at death, 2.87 kilo (3.4 Der cent weight loss).
«
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Table 20
k
Changes In Blood Creatin-creatinin and Tissue Total Creatin
of A Rabbit After Starvation
Rabbit No. 17, 3.135 kilo
(The values are given in mgm. per cent.
)
Time Blood Preformed Total Creatin as
Taken Creatinin Creatinin Creatlnin
12:45 P.M. 1.6 3.9 2.3
Animal deprived of food and water.
12:45 P.M., next day
(24 hr. ) 1.8 3.9 2.1
Animal killed at 12:50 P.M. (24 hr. 5 min. ) after fast began.
Tissue Total Creatin as Creatinin
Muscle 520.4
Liver 23.5
Kidney 19.5
Weight of animal just before death, 2.88 kilo (7.8 per cent weight
loss
)
-*
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CyflnflTTild poisoning In rabbits
1. Physiological changes
In general, the phenomena observed in rabbits were the
sarae as those noted in mice. The following discussion
applies to all the rabbits studied.
Immediately after the intravenous injection of 0.15
to 0.30 gm. of cyanamid per "kilo the restoration became
faster and deeper as well as abdominal. The electrocardio-
graphs taken in rabbit No. 5 (Pig. 1) illustrate the heart
changes that probably occurred in all the rabbits. The heart
rate was considerably slowed 10 minutes after the injection.
The rate continued to decrease for 25 minutes, but then
slowly resumed its normal frequency within an hour after the
injection. The auriculo-ventricular conduction time was not
altered. The records offer no interpretation of the injury
to the intraventricular automatic nervous system mentioned
by He3se (1921) (Page 12). The fine waves in some of the
graphs were probably the result of tremors. Moreover, the
variations in the base line may be attributed to movement of
the animal.
The initial acceleration of the respiratory rate was
soon followed by depression. The frequency of the respira-
tions decreased; breathing became more difficult and slowed
noticeably as the effects of the cyanamid increased. Res-
pirations became infrequent, shallow* and labored shortly
before death.
1
a 17
It was difficult to observe exactly when naralysis tooV
place, especially if the animals were tied. however, there
was no doubt of its presence at the end of six hours. The
criteria for paralysis were the inability of the animal to
hold his head erectly, and to right himself when nlaeed on
the floor. Convulsive movements were observed somewhpt
earlier than the paralytic changes, but these were nrobably
influenced by the immobilization of the animal and his
struggle to escape. Touching or slaoninp- the animal, or jar-
ring the table nearby usually evoked these snasmodic movement
(evidence of hyper-excitability ) . Pupillary reflexes were
sluggish. After paralysis had set in, rhythmic nroerresslve
movements of the hind lees were exhibited by some of the
animals when placed on the floor. A large fall in body tem-
perature was noted in all the animals in which the rectal
temperature was recorded, excent rabbit No. P. tremors,
shivering, and chattering of the teeth occurred freauently.
Peristalsis was probably increased because the animals
defecated more often. Watering of the eyes was exhibited by
all of the animals. Table 21 reveals the ma.lor effects of
the injection of cyanamid in rabbits.

At autopsy, the most common findings were the chances
in the gastrointestinal canal. As in the mice, yellowish
fluid and gas were present in the small intestine. The
abdominal organs, narticularly the liver and Mdnev, were
hyperemic, except in rabbit No. 4. However, the snleen was
usually contracted. There was no excess secretion in the
trachea but petechial hemorrhages were present. Riervr mortis
was marked. No other changes were revealed on gross examina-
tion.
Microscopical sections of various tissues were ™ade on
rabbits No. 9,12, and 13- Necrosis, autolysis and inflammation
of the mucosa of the small intestine were present in rabbit
No. 9. Inflammation and venous congestion of the la-fge but
not the small intestine occurred in rabbit *T o. 1?. Sub-
mucosal inflammation of the small intestine but not o^ the
large intestine were nresent in rabbit No. 13. Tn,e lungs
did not contain excess fluid in rabbit No. 9. The trachea of
rabbits No. 12 and 13 revealed venous congestion and sub-
mucous edema. The liver of rabbit No. 12, but not of No. 13
exhibited passive congestion. The snleen revealed signs of
heart failure in rabbit No. 9. The kidney was normal in
rabbits No. 9 and 12, but exhibited cloudy swelling of the
tubules, pyknotic nuclei and lightly staining cytoplasm in
rabbit No. 13.
<
Pie. 9 (Continued)
({
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(h)
Pig. 9 Electrocardiographs of rabbit No. 5 before and
at intervals following the in.iection of 0.3 gm. of
cyanamid per kilo. All records taken with lead 1.
(a) before injection
(b) 10 minutes later
(c) 20 " "
(d) 25 " "
(e) 30 minutes later
(f) 60 " "
(g) 1 hour, 40 minutes later
(h) 2 " 15 " "
*
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Discussion of physiological changes
The minimum lethal dose for cyanamid intravenously
injected was found to vary between 0.15 and 0.30 firm, ner Trilo
(rabbits No. 4, 5, 7, 8, 9, 12, end 13). This ran^e of doses
is smaller than Stritt' s dose o^ 0.39 crm. ner M_]o for one
rabbit and also smaller than Hesse's dose of 0.4 em. (naces
10 and 13, resoectively ) . These experiments sunnort and
amplify the results of Coester (1896), Stritt fl909), Hesse
(1921), and Koelsch (1914; 1916,2). The writer observed
slowing of respiration, muscular weakness, oaralysis, snasms,
clonic movements of the extremities, end a fall in body tem-
perature, in agreement with the other investigators. In the
following respects Coester' s worV was not confirmed. Dilata-
tion of the ear vessels was not noted; constriction of the
pupils occurred infrequently. Salivation was only noted in
rabbit No. 9.
The conjunctivitis (watering of the eyes) observed by
the writer also occurred in certain of the rabMts studied by
Koelsch (1916,2). The variations in heart rate confirm and
extend the findings of Stritt and Hesse. The occurrence of
gas and yellow fluid in the intestine agree with the results
of Stritt. The tracheitis observed confirms the worV of
Stritt, Hesse, and Koelsch. ^he writer believes that the
tracheitis is due to the resoiratory difficulty, but offers
no explanation for the oa thological chancres in the ersstro-
intestinal tract.
t
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2. Chemical Chances
Control experiment
Rabbit No. 5 was tied down on an animal board and treated
in the same manner as rabbits No. 4, 5, end 7, except that no
injection was made. The level of creatinin and create in
the blood remained constant (T8ble 9a). The rate of creatinin
excretion decreased about 12 per cent and the ereetln, 53 r>er
cent (measured in percentage fall of mem. per hour excretion:
Table 9b).
Glycin experiment
Rabbit No. 4 was intravenously injected with 0.5 gm. of
glycin per kilo to determine the effect, if any, on blood
creatinin and creatin. No appreciable chances occurred
(Table 10a). The creatinin excretion fell considerably
(42 per cent) during the experiment (Table 10b). ^he initial
creatin excretion was negligible so that any slight changes
that occurred were insignificant.
Starvation experiments
Rabbits No. 16 and 17 were starved 26 hr. 15 min. and
24 hr.
,
respectively. The changes in blood creatinin and
creatin were well within the experimental error(Tables 19 and
20).
Experiments with ligation of ureters
The blood creatinin rose 14.7 and 5.2 mgm. Per cent,
respectively, in rabbits No. 15 and 16, 28 hr. 10 min. and
(<
27 hr., 5 min. after ligation of the ureters (Tables 17 end
18). The average rise in blood creatinin was 9.95 mgm. per
100 cc. (rise of 603 per cent). The blood crestin rose 0.8
and 2.0 mgm. ner cent. The average rise in blood creatin was
1.4 mem. per 100 cc. (rise of 62 oer cent).
Cyanamid experiments
Rabbits receiving lethal doses of cyanamid showed in-
creases in blood cres tin-crestinin, falls in the excretion o**
creatinin (and creatin usually), rises in liver find Viclney
creatin, and possible rises in muscle crestin.
Variations in the creatin-creatinin c ontent of blood
The changes in blood creatin-crea tln1 n usually developed
over a oeriod of at least 17 hours, according to the rate of
development of the changes in rabbit No. 4*. The following
discussion does not include rabbits No. 5 and 7, since the
last blood in these experiments was drawn 6 hr. , 10 min., and
4 hr. , 15 min.
,
respectively, after the injection. Analyses
on blood which was not taken immediately after death are also
excluded since they ere unreliable.
*About 10 days after the glycin experiment, rabbit, No. 4
received each of 0.3 em. of rlycin and 0.25 gm. of cyanamid
per kilo intravenously. The changes in blood were similar
to those observed in the other cyenamid experiments. See
Table 11a.
*4
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The rises in blood creatinin in rabbits No. 4, 9, 1?,
and 13, and rises in blood creatin in rabbits No. 4, 9, and
15 can be observed by referring to Table 22. The average rise
in blood creatinin in the four experiments was 2.5 mpm. ner
100 cc (rise of 206 per cent). The avera ore rise in blood
cre8tin in the four experiments was 2.6 mgm. ner» 100 cc. (rise
of 94 per cent).
The author's average value of 1.5 mgm. oer cent for
blood creatinin in rabbits No. 4, 5, 9, 12, 13, 15, 16, 17,
and 18 agree with those reported in the literature (oage 56).
The average value for blood crestin is lower, however,
than the reported ones. The blood creatin in the above-
mentioned rabbits averages 2.5 mem. per cent. The author
explains this difference by the use of hydrochloric acid in
the hydrolysis of the filtrate, rather than picric add.
The blood guanidin was apparently increased while the
phosphate fell to the point where it W8s not detectable
(rabbits No. 12 and 13). However, the inhibiting effect of
cyanamid on the color reaction between amino-nanhthol sul-
phonic acid and phosphate may have been resnonsible for the
great fall in blood phosphate after injection of cyanamid.
The amino acid nitrogen rose in one case and fell In the
other. These observations do not warrant further discussion
because of their incompleteness.
c
Table 22
Changes in Blood Creatin-creatinin in Rabbits After Intravenous
Injection of Cyanamid and After Ligation of the Ureters.
(All values are expressed in mpm. ner cent)
Rabbit
No. Creatinin Rise in Hise in
Creatinin Crestin Cretin
4* (Before injection) 1.3 1.7 1.9 4.7
(24 hr. , 10 min.
after injection) 3.0 6.6
9 (Before injection) 1.0 3.0 2.1 2.3
(22 hr. , 30 min.
after injection) 4.0 4.4
12 (Before injection) 1.4 1.5 4.2 0.4
(17 hr. after
injection) 2.9 4.6
13 (Before injection) 1.2 3.9 2.7 p.
9
(27 hr. , 30 rain.
after injectionO 5.1 5.6
Average Rise 2.
5
2.
6
15 (Before Ligation) 1.5 14.7 1.9 q. 8
(28 hr. , 10 min.
after ligation) 16.2 2.7
18 (Before ligation) 1.8 5.2 2.6 2.0
(27 hr. , 5 min.
after ligation) 7.0 4.6
Average Rise 9.95 1.4
#Rabbit No. 4 also received 0.3 crm. of crlycin ner Mlo.
z
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Variations in creat in-crea tinin of urine
L
The preformed creatinin excretion fell slowly in r*b-
bits No. 4, 7, 9, 12, and 13. Table 23 reveals the changes
in the rate of excretion of creatinin.*- The hourly outnut ^el"
considerably in rabbit No. 7 three hours after the injection,
but not until about 19 hours after the injection in rabbits
No. 4, 9, 12, and 13. The average fall in the excretion o^
creatinin in the five experiments was 3.8 mem. ner hour (fall
of 68 per cent). In the control experiment No. 5, the f8ll
was about 12 per cent.
The average creatin excretion in rabbits No. 4, 7, 9,
12, and 13 fell from 0.73 mem. to 0.38 mem. ner hour. ^he
average rate of creatin excretion fell 48 per cent in these
experiments. The creatin excretion in the control experi-
ment fell 35 per cent. Decreases in the 8veraee excretion
of creatin were of little significance, since the initial
creatin excretion was so small. In the exneriments where
blood creatin was considerably raised, the averse rate of
creatin output in mgm. per hour decreased 44 ner cent (No.
4, 9, and 13). The creatin excretion was possibly sliehtly
*The total creatinin output for the 24-hour control neriod
was in all cases considerably lower then the total excretion
for the 24-hour period following the injection of cyanamid.
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raised in rabbit No. 4.
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Table 23
Changes in Rate of Cres tin-creatinin Excretion After Intravenous
Infection of Cyanarnid in Rabbits.
(All values are average excretion in mgm. ner hr. for the piven neriod.
Rabbit
9
12
15
Period Creatinin
5 hr. , 10 min.
after injection 5.6
19 hr. , 20 min.
after injection 1.2
3 hr. , 15 min.
before injection 4.5
4 hr. , 15 min.
after injection 0.6
24 hr. , 30 min.
before injection 4.6
22 hr. , 15 min.
after second
injection 3.3
24 hr. , 35 min.
before injection 6.7
18 hr. , 45 min.
after injection 2.6
23 hr. , 30 min.
before injection 6.5
28 hr. , 20 min.
after injection 1.3
Pall in
Creatinin
4.4
3.9
1.3
4.1
5.2
Creatin
0.29
0. 33
0.02
0. 03
1.7
1.1
2.3
0. 02
1.4
0.4
^all 1n
Creatin*
0. 6
2.28
l.o
5
Control
Rabbit
2 hr. , 25 min. 9.
5
first collection
2 hr. , 20 min. 8.
3
second collection
1.2 0.13
0.06
*The fall in creatin excretion is omitted in several cases because
insignificant.
4
Variations in total tissue creatin
The average muscle creatin was 552.7 mam. ner cent in the
rabbits injected with cyanamid (No. 9, 12, and 13), ^he aver-
age muscle creatin was 529.5 in the two starved rabbits (No.
16 and 17) and the two which had both ureters 11 grated (No. 15
and 18). The control values for tissue creatin were derived
from the two rabbits which had their ureters tied and from
the two starved rabbits. The increase in muscle creatin in
the rabbits injected with cyanamid was 4.4 ner cent. The
liver creatin increased from 22.6 mcrm. ner cent in the two
starved animals to 44.6 merm. ner cent in the rabMts injected
with cyanamid. The rise in liver creatin was 97.? ner cent.
The rise was but 8.6 ner cent if the calculations were made
with reference to the rabbits which had the ureters lirated.
The "kidney creatin rose 119 per cent (uslnc the starved
animals as controls) but was lower than the Vidney creatin of
rabbit No. 15 (both ureters lierated).
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Table 24
Changes in Tissue Total Creatin 1n Rabbits in Starvation After
the Injection of Cyanamid and After Ligation of Ureters.
(All values are given in mgm. oer cent.
)
Rabbit No. Muscle Liver Kidney
9 537.2 57.0
12 565.2 41.2 39.7
13 555.7 35.7 41.0
(Injections of cyanamid)
Average; 552.7 44.6 40.3
15 506.5 60.3 63.0
18 551.6 21.7
(Ligation of ureters)
Averager 529.0 41.0 63.0
16 538.5 21.7 17.4
17 520.4 23.5 19.5
(Starvation)
Aver&ffeJ ^ Q ^ g 1R- 4
<
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Discussion of chemical changes
Chances in blood creatin-creatinin
In the introduction the writer stated that blood creat-
inin was increased in renal disease (pace 57) and Also filter
the injection of cyanamid in one experiment of Raids (pace 60
Inasmuch as there was evidence of kidney damage in
cyanamid poisoning it becomes necessary to discuss this facto
in detail. It has been definitely established in nephritis
that the diminished excretion of creatinin is always accom-
panied by an elevation of blood creatinin.
In the author's experiments with cyanamid the increases
in blood creatinin were accompanied by a decreased excretion
of creatinin (rabbits No. 4, 7, and 12). The rate of excre-
tion of creatinin in these three experiments fell 7? per cent
It was therefore logical to conclude that the injections of
cyanamid resulted in damage to the kidney. As micht be
expected, the increase in blood creatinin after the injectlo
of cyanamid was smeller than after ligation of the ureters,
since the fall in urine excretion was not as great.
The mechanism whereby cyanamid disturbs kidney function
is not clearly understood. Dittrich (1924), Tlaubach (1926),
and Kuhnau (1927) have shown that cyanamid interferes with
oxidation-reduction in the organism. It is not likely that
the kidney would escape its influence. Another possibility
is that the fall in blood pressure which deve lopes as the
effects of the cyanamid increases prevents adeouate filtra-
•
i
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tion pressure end thus results in decreased excretion of
urine. It is the author's ooinion that the rise in blood
creatinin was due mainly to the interference with excretion
of creatinin rather than to a transformation of cyanamid to
creatinin or a chromogenic substance. The fact that the rise
in blood creatinin in rabbit No. 9 was accomoanied by a fall
in excretion of only 50 per cent, suggests the oossibility
that the ren8l damage might not be the only cause for the
increased concentration of blood creatinin.
The oossible factors that mierht be resoonsible for the
increases in blood creatin after the injection of cyanamid
are renal injury, increased muscular tension (nage 517 ), and
increased formation of creatin from cyanamid. The relation
of cyanamid to creatin was nointed out on 08f?e 39 of the
introduction.
The changes in blood creatin in the rabbits injected
with cyanamid were relatively end actually ereater than those
noted in rabbits 8fter ligation of the ureters or in human
nephritis.
The ratio of the Dercentaee increase in blood creatinin
to creatin W8s 2:1 about 24 hours after the injection of cy-
anamid, 6:1 in the cases of nephritis reported by Gavrile
(1932), and 10:1 about 24 hours after ligation of the ureters
The chances observed 48 hours after nephrectomy in
rats (Chanutin and Silvette 1929) were similar to the
author's results after the injection of cyanamid in rabbits.
•
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These experiments ere not comparable with those of the author
because of species difference, and because of their lone; dur-
ation (48 hours). The greater instability of ere*3 tin metabol*
ism in rats was pointed out in the introduction in a discus-
sion of the changes in muscle crestin durinc starvation (nnee
68).
Blood crestin increased 94 ner cent after the injection
of cyanamid as compared with an increase of 52 oer cent after
ligation of the ureters, and 20 oer cent in neohritis. ^he
difference between the increase in blood creatin in cyanamid
poisoning and after ligation of the ureters is considerably
greater than the experimental error. Moreover, the deerree of
kidney damage in the latter experiments was undoubtedly
greater than that produced by cyanamid. It is the author's
opinion that greater differences might have been observed
with controls that more closely reproduced the conditions in
the rabbits injected with cyanamid.
The factor of increased muscle tension derives its
importance from the considerable increases in blood creatin
reported in several advanced cases of marVed catatonic
rigidity (Looney 1924;2) The author is inclined, however,
to believe that the increased muscular activity exhibited in
cyanamid poisoning was of insufficient duration and magnitude
to be of considerable significance. The occurrence of naraly
sis in addition to spasms was observed in all the rabbits
which had been injected with cyanamid. According to the
i
1*5
i
findings in dementis praecox with muscular relaxation (Looney
1924,1), this paralysis should have been accompanied by o
fall in blood creatin. These experiments in general occuoie(
a period of 24 hours. On the other hand, Looney' s patients
had apparently exhibited the state of increased muscle ten-
sion for years preceding his observations. In addition, they
had lost considerable weight due to the lack of food. ^he
relationship of prolonged starvation to blood creatin was
pointed out previously (page 58) so the importance of this
factor can not be overlooked. The effect of starvation in
the author's experiments was adequately controlled.
Excluding the renal damage and increased muscle tension
as major factors responsible for increases in blood creatin
in cyanamid poisoning, the writer therefore ascribes the
changes to a possible conversion of cyanamid to creatin or
some other substance analysable as creatinin.
Changes in urine creatin-creatinin
ft
The writer has earlier concluded that the fall in the
excretion of creatinin after the injection of cyanamid is
caused by failure of the kidneys. This is in agreement with
some of the observations of Hesse (page 61).
The output of creatin decreased in rabbits No. 9, 12,
and 13. In rabbit No. 4, however, the creatin excretion
remained constant or even increased sliehtly. These results
do not generally agree with that of Hesse, who observed a
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rise in the excretion of creatin after the injection of
cyanamid (page 63).
Changes in tissue creatin
Is
An average rise of 4.4 ner cent in muscle creatin wag
observed in the experiments with cyanamid. ^he various
factors that mieht raise muscle creatin have been described
on pages 67-80. The factors to be considered in the present
experiments are starvation, snasms, fall in temperature,
acidosis, and formation of creatin or stimulation of its
formation.
The influence of starvation w8s eliminated by calculat-
ing the rises in muscle creatin from the values obtained on
starved rabbits as controls.
The inconsistency in the changes in muscle creatin due
to spasms was pointed out on pae-e 70. Picrotoxin which
produces intense spasms resulted in an average rise of only
2.8 per cent, whereas camphor, much less potent in this
respect, produced rises of about 20 per cent. In the writer'
experiments, spasms were observed but they were not of
unusual intensity 8nd frequency.
All of the rabbits except No. 9 exhibited a fall in
body temperature. The increases in muscle creatin might
thus be attributed to the accompanying drop in temper's ture
(page 70).
The influence of acidosis can not be evaluated because
determinations of the oH of the blood or urine were not oer-

formed. Even If 8 condition of acidosis existed, it would
not necessarily be responsible for a rise in muscle ere* tin
since the presence of acidosis is accomnanied by a fall in
muscle creatin in neohrectomized rats.
It is thus difficult to consider the rise in muscle
creatin after injection of cyanamid as due to a formation of
creatin from cyanamid when the effects of body-temr»era ture
fall and possibly soasms also can not be satisfactorily dis-
posed of.
The increases in the creatin content of liver find Sid-
ney although of great magnitude ere orobably not significant
since the value for total liver and Vidney creatin did not
appreciably differ from the results obtained after ligation
of the ureters.
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Conclusions
The minimum lethal dose for the subcutaneous injection
of pure cyanamid in mice was determined to be between 0.
3
and 0.4 mgm. oer gm. of body weight. This is in agreement
with Coester's dose of 0.33 mgm. oer pm.
The respiratory degression, hyper-excitability, oaraly-
sis, and spasms confirmed Coester's results, ^he »nd
yellow fluid in the intestine, and diarrhea agreed with the
findings of Koelsch, Stritt and Hesse with rabbits. Hemorr-
hages in the trachea were observed, in agreement with
Koelsch's observations on rabbits.
The approximate minimum lethal dose for the intravenous
injection of pure cyanamid in rabbits was determined to be
between 0.15 and 0.30 gm. per kilo of body weight, ^his
range of doses is smaller than Stritt' s dose of 0.39 gm. «nd
Hesse's dose of 0.4 gm. per kilo.
The resniratory depression, muscular weakness, nara ly-
sis, spasms, clonic movements of the extremities, and fall
in body temperature agreed with the results of Coester,
Stritt, Hesse, and Koelsch. The finding of eras and yellow
fluid in the intestine confirmed the work of Stritt. The
tracheitis was in agreement with the results of Stritt,
Hesse, and Koelsch.
Microscopical examination of the mucosa of the intestine

revealed inflammatory and necrotic chances.
The average rise in blood creatinin in four rahMts
about 24 hours after intravenous injections of lethal doses
of Dure cyanamid was 2.5 mgm. ner 100 cc. (rise of 206 ner
cent). The average rise in blood creatin in the four experi-
ments was 2.6 mgm. oer 100 cc. (rise of 94 ner cent). The
increase in blood creatin was nrobably not due to Mdney
damage as was the case of increased creatinln, but more liVely
due to the conversion of cyanamid to creatin or a creatin-
like substance.
The average rise in blood creatinin about 24 hours
after ligation of the ureters in two rabbits was 9.95 mgm.
per 100 cc. (rise of 603 oer cent). The rise in blood
creatin was 1.4 mgm. per 100 cc. (rise of 62 ner cent).
There was no appreciable change in blood creatin and
creatinin in two rabbits starved for about 24 hours.
The average hourly or total excretion of preformed
creatinin fell slowly in three to nineteen hours after the
injection of lethal doses of oure cyanamid in five r^bMts.
The fall in rate of excretion was 6B ner cent. This was
interpreted as evidence of interference with renal functions.
The average creatin excretion fell 4P ner cent in five
experiments.
Muscle creatin rose 4.4 ner cent after intravenous
injections of lethal doses of nure cyanamid in three rabbits.
6
The control values for muscle creatin were derived from two
starved rabbits End from two rabbits which h«d both ureters
ligated. These rises were due to changes in temnera ture,
soasms, or conversion of cyanamid to a creatin-like sub-
stance.
Liver creatin rose 97.3 oer cent in three rabbits
injected with cyanamid. Kidney creatin rose 119 ner cent ir.
two rabbits. The control values were derived from the two
starved animals. The rises were insigmificant if the cal-
culations were made with reference to the rabbits which had
the ureters ligated. The increases in liver and kidney
tissue were probably due to renal damage.

Summa ry
Pure cyanamid was nrenared from a commercial nrenpra tl on
of cyanamid.
The minimum lethal dose for nure cyanamid subcutanecrasly
injected in mice was determined to be between n . 3 °nd
0.4 mgm. oer gm. of body weight.
The symotoms of ooisonine- in mice were confirmed.
The approximate minimum lethal dose for pure cyan amid
Intravenously injected in rabbits was found to vary
between 0.15 and 0.30 em. ner kilo of body weip-ht.
The symptoms of noisoninpr in rabbits were confirmed.
Plood creatinin rose 206 ner cent about 24 hours after
the intravenous injection of cyanamid in rabbits. ^bi
?
rise could be accounted by renal sunnression.
Ploodcreatin rose 04 oercent about 24 hour's a-cter the
intravenous injection of cyanamid in rabbits. ^hls rl pp
was erreater than could be accounted by r»eual sunnression.
It was ascribed to the conversion of cyanamid to creatin
or a crea tin-like substance.
Urinary creatinin and creatin **ell considerably within
24 hours after the intravenous injection o^ cyanamid in
rabbits. This was attributed to renal sunnression.
Muscle creatin rose 4.4 ner cent about 24 hours after the
intravenous injection of eyanarnid 1n rabbits.

\A9
The rise in muscle c res tin could not be defi nl tely attri-
buted to 9 conversion of cypnsmid to cre^Hn.
10. Liver find Vidney creetin rose 97.3 pnd 119 ner cent res-
nectively after the intravenous infection oyanprriid
in rabbits. These rises were orobably due to renal sup-
pression.
c
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